Estimates of the fish populations of Clear Lake, Iowa by McCann, James Alwyn
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1960
Estimates of the fish populations of Clear Lake,
Iowa
James Alwyn McCann
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Zoology Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
McCann, James Alwyn, "Estimates of the fish populations of Clear Lake, Iowa " (1960). Retrospective Theses and Dissertations. 2766.
https://lib.dr.iastate.edu/rtd/2766
This dissertation 
Has been microfilmed Mic 60—4901 
exactly as received 
McCANN, James Alwyn. ESTIMATES OF THE 
FISH POPULATIONS OF CLEAR LAKE, IOWA. 
Iowa State University of Science and Technology 
Ph.D.,1960 
Zoology 
University Microfilms, Inc., Ann Arbor, Michigan 
ESTIMATES OP THE PISH POPULATIOlïS OF CLEAR LAKE, IOWA 
by 
James Alwyn McCann 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of 
The Requirements for the Degree of 
DOCTOR OP PHILOSOPHY 
Major Subject: Fish Management 
Approved: 
In/Charge of Major Work 
Dean of Graduate College A #1 vt  ^"*1 H «A 1 
Iowa State University 
Of Science and Technology 
Ames, Iowa 
1960 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
ii 
TABLE OF CONTENTS 
Page 
INTRODUCTION 1 
DESCRIPTION OF CLEAR LAKE AND THE SAMPLING- AREAS 3 
METHODS OF ESTIMATING FISH POPULATIONS 13 
Petersen Method 14 
Schnahel Method 15 
Schumacher-Eschmeyer Method 19 
Chapman Method 20 
DeLury Method 22 
BASIC ASSUMPTIONS FOR POPULATION ESTIMATION 24 
EQUIPMENT 31 
Experimental Gill Nets 31 
Otter Trawl 33 
Seine 35 
Rotenone 37 
Electric Shocker 38 
Safety devices 45 
Effects of electricity on fish 45 
METHOD OF MARKING FISH 53 
DISCUSSION OF SAMPLING SCHEDULE USED 63 
POPULATION ESTIMATES AND DISTRIBUTION OF THE SEVEN 
MAJOR SPECIES OF FISH 67 
Walleye (Stizostedion vitreum vitreum) 67 
Largemouth Bass (Micropterus salmoides salmoides) 85 
Black Bullhead (Ictalurus melas) 93 
Bluegill (Lepomis macrochirus) 106 
Black Crappie (Pomoxis nigromaculatus) 113 
White Crappie (Pomoxis annularis) 116 
Yellow Bass (Roccus mississippiensis) 119 
iii 
Page 
NOTES OH OTHER SPECIES OP PISH POR WHICH POPULATION 
ESTIMATES COULD NOT BE MADE DUE TO INSUFFICIENT 
RECAPTURES 128 
Northern Pike (Es ox lue ins ) 128 
White Bass (Roceus chrysops) 131 
Yellow Perch (Perca flavescens) 133 
Smallmouth Bass (Micropterus dolomieui ) 134 
Channel Catfish ( Ictalurus punctatus) 134 
Flathead Catfish (Pylodictus olivaris) 135 
Yellow Bullhead (Ictalurus natalis) 136 
Common White Sucker (Catostomus commersoni) 136 
Miscellaneous Fishes 137 
COMPARISON OF ANGLERS' CATCH WITH POPULATION 
ESTIMATES 139 
SUMMARY 14-3 
ACKNOWLEDGMENTS 148 
LITERATURE CITED 150 
1 
INTRODUCTION 
Since 1941 the Iowa Cooperative Fisheries Research Unit 
has conducted research on Clear Lake, Iowa. During this 
time particular emphasis has been placed on the life histo­
ries of the principal fishes, their changes in relative 
abundance, the success of their natural reproduction, the 
effect of stocking, and the measurement of the environmental 
factors of the lake. Although considerable data are avail­
able to indicate changes of fish populations at Clear Lake, 
very little has been done towards determining the standing 
crops of the various species in the lake. The present study 
was initiated in 1958 to estimate the numbers of fish in 
Clear Lake. Swingle (1957) pointed out that if population 
studies of one lake were to give assistance in understanding 
situations in other lakes, such data as the description of 
the physical, biological and chemical conditions of the body 
of water, the description of sampling methods used, a state­
ment of limits of the population estimated, the composition 
of population present, and a summary and interpretation of 
these data by the author, should accompany all estimates of 
standing crop. 
Since Clear Lake is one of the largest and most impor­
tant recreational lakes in Iowa, it was not possible to 
drain or poison the entire lake as has been done in many 
other studies. Therefore, mark and recovery techniques were 
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used to estimate the sizes of the different populations of 
fish. The mark and recovery method consists of marking a 
known number of fish in the lake and then after allowing the 
fish sufficient time to distribute, determining the propor­
tion of marked to unmarked fish in the lake. Petersen, 
Schnabel, and Schumacher-Bschmeyer formulas were used to ob­
tain estimates of the size of the fish populations in Clear 
lake. 
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DESCRIPTION OF CLEAR LAKE AND THE SAMPLING- AREAS 
Clear Lake, the third largest lake in the state, is 
located in Cerro Gordo County, Iowa (Pig. 1). This eutroph­
ic lake with a shallow, gradually sloping basin has an area 
of 3$64-3 acres and a maximum depth of 20 feet (Pearcy, 
1953). Approximately 4-2 per cent of the shore line was oc­
cupied by private residences, 29 per cent by woodland, 20 
per cent by resorts and commercial establishments and 8 per 
cent by roadsides and pasture. Only about 1 per cent of the 
total shore line consists of marshy areas. 
The littoral zone of the lake is mainly sandy beach 
with small gravel or rubble patches found in isolated areas 
near the five major reefs and at locations near the Island, 
Outlet, and Farmer's Beach. 
During the present study the water level was approxi­
mately 2-1/2 feet below outlet level decreasing the area of 
the lake by about 300 acres (Table 1). To determine the de­
crease in the area of the lake due to low water level, a map 
of the lake at high water (outlet level) was obtained. The 
present shore line was marked on the map (scale 1 inch 
equals 1,000 yards) and the dot-grid system was used to cal­
culate the area between the present low water line and the 
high water line. To find the areas of each of the seven 
regions, the 5-foot contour line was drawn on the map using 
the present shore line as a base. No surface water entered 
Pig. 1. Map of Olear Lake, Iowa, showing sampling regions 
used to estimate the fish population, 1958 and 1959• 
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Table 1. Acreage of the seven sampling regions of Clear 
Lake used during the population estimate work 
in 1958 and 1959. 
Number of acres at 
High Low Length of 
Region water water shore line 
West End 504 201 149 
Clausen's Cove 142 117 167 
Black Rushes 217 103 126 
Hatchery 198 179 189 
South Bay 129 94 110 
West Center 1,339 1,339 
East Center 1,314 1,314 
«•MB 
Total 3,643 3,347 741 
aHundreds of feet at high water. 
the lake in the summer of 1958 except during the early 
spring thaw and occasional rainy periods. However, during 
the summer of 1959 a small continuous flow entered the lake 
from the Ventura Marsh area. 
Since a more complete study and description of the gen­
eral physical, chemical, and biological conditions in the 
lake was made by Pearcy (1953), further discussion will be 
limited to the sampling regions of the lake. 
During the 1958 and 1959 sampling seasons the lake was 
divided into seven major sampling regions to provide 
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information on the movement of the fish and the presence of 
subpopulations of fish in the lake. For ease of reference 
the regions will be referred to as West End, Black Bushes, 
Hatchery, South Bay, Clausen's Cove, East Center and West 
Center. 
Since the main piece of sampling gear, a 150-volt 
alternating current shocker, was not effective in over five 
feet of water, the shore regions included the area from the 
shore line to the 5-foot contour leaving two deeper water 
regions, East and West Center. 
The West End region consisted of a shallow area iso­
lated from the rest of the lake by a wooded peninsula and 
an exposed sand bar (Mcintosh). Only a 30-yard channel con­
nects this region with the rest of the lake. During high 
water the maximum depth of this region was approximately 
seven feet with a total area of 304- acres (Pearcy, 1953). 
However, during the summers of 1958 and 1959, the total area 
was approximately 201 acres and the maximum depth was 3-1/2 
feet. This apparent disagreement in depth was probably due 
to the natural filling in of this region, or to differences 
in determining where the division line between the bottom 
and the water was since the mud in this region is soft and 
12 to 18 inches deep. Small patches of softstem bullrushes, 
Scirpus validus, were evident along the Boy Scout Camp and 
Ventura shore line, with a more extensive stand of rushes 
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along the west side of Mcintosh State Park. In other years, 
heavy growth of Potamogeton spp. has been known to cover the 
West End completely, but no submergent vegetation was seen 
in 1958 and 1959 except for a few isolated plants of 
Tallisneria sp. 
The Black Hushes region extended from the tip of the 
Mcintosh Sand Bar along the north shore to the State Dock, 
a distance of 2.2 miles. The shore line supported well-
established stands of softstem bullrushes with only narrow 
passages cleared for swimming and boat access. During high 
water periods an area of open water existed between the 
rushes and the shore line; but after the dropping of the 
water level, the rushes in most locations were partially on 
dry land. When all the rushes were in water the depth at 
the outer edge was approximately five feet. However, the 
rushes were completely wadeable during 1958 and 1959» and 
the water depth at the outer edge of the rushes was only two 
to three feet. The approximate surface area of this region 
in the summers of 1958 and 1959 was 183 acres. The bottom 
type of this region consisted of a mucky sand, although iso­
lated areas on the outer edge of the rushes contained gravel 
to rubble bottom types. 
The Clausen's Cove region extended from lone Tree Point 
(directly opposite the Mcintosh Sand Bar) to the Island. 
This region consisted of three small coves and was about 
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117 acres in size. The two more easterly coves had fairly 
steep beaches of sand and some gravel and were used for 
swimming and boating. The cove in which Farmer's Beach was 
located had level beaches of sand and the shore was used 
mainly as pasture. In this cove a fairly large stand of 
softstem bullrushes had become established. 
Three major reefs, each having slightly different hab­
itats, were found in this region. A small reef off Lone 
Tree Point supported a fair stand of softstem bullrushes. 
The bottom type of this reef was gravel to rubble. Early 
in the summers of 1958 and 1959 the reef was a very produc­
tive sampling site. However, each summer the water level 
dropped and most of the reef was either dry or covered with 
only six inches of water. At the end of the summer only the 
deeper water off the tip of the reef attracted fish. The 
second reef in this region was located 200 yards east of the 
point dividing Clausen's Cove from Tanglefoot Cove. This 
reef was a broad convex pile of rubble with gently sloping 
sides. During the two years the water over this reef was 
not shallow enough until mid-summer to allow efficient sam­
pling by the electric shocker. The Dodge's Point reef was 
well-defined with fairly steep slopes and was composed of 
large boulders (8 to 15 inches in diameter). During the 
1958 and early 1959 seasons this reef was a very productive 
area, but as the water level dropped in 1959$ the number of 
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fish taken by the electric shocker decreased. The presence 
of large boulders and shallow water on the reef made the job 
of sampling the reef with the shocker more difficult; and, 
therefore, the evident decrease in population may have been 
a sampling error, but probably represents a redistribution 
of the fish. 
The Hatchery region extended 3.2 miles along the east 
shore of the lake from the State Dock to the Big Beef. With 
the exception of a stand of softstem bullrushes from the 
State Dock to Fishermen1s Point, the entire area was com­
posed of sandy beach lined with cottages and docks and used 
for swimming and boating. The beach in this region was 
fairly steep except for flat shelves which were located in 
front of the Outlet and the Hatchery. The total area of 
this region was approximately 179 acres. The large, lobe­
like Fishermen's Beef was the only major reef in this re­
gion, and was located north of the point of the Island. 
The last shore line region was the South Bay region. 
The habitat was similar to that of the Hatchery with cot­
tages and docks lining the sandy, exposed beaches. This 
region extended from the Big Beef to the northern tip of the 
Island with a shallow or gently sloping sandy shore line on 
the east side and beaches of steep gravel to rubble banks on 
the west side. Although the beach over most of the region 
had a fair slope, large shallow-water areas existed near the 
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Big Beef and the South Bay access area. The drop in the wa­
ter level in this area exposed almost 35 acres of "beach, 
cutting the total area of this region to only 94- acres. The 
general bottom type was mucky sand with the exception of the 
Big Beef and some rock-piles which were probably the remains 
of fish shelters put in the lake many years ago. Because of 
these rock piles, large seines could not be used in the 
South Bay rush area. 
Ho vegetation was present in this region except in the 
vicinity of the public access area where a good stand of 
softstem bullrushes was growing. During high water periods 
the total area of the rushes was about one acre. However, 
the low water had left more than one-half of the rushes on 
dry land and the rest were growing in 8 to 12 inches of wa­
ter. 
Big Beef, as the name implies, was the largest in the 
lake (approximately 100 yards long). The bottom type on the 
reef was gravel to rubble. The south side of the reef had a 
sharp drop-off, but on the north side the slope was more 
gradual. 
The East Center region included all of the water over 
five feet in depth east of the line between Fishermen's 
Point and the Island. The bottom material consisted mainly 
of mud except for some small areas of sand and rubble ex­
tending out from shore areas and reefs. The total acreage 
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was approximately 1,339 acres. Although the maximum depth 
of the lake was recorded as 20 feet, the maximum depth dur­
ing this period was 17 feet. 
The West Center region was shallower than, but con­
tained nearly the same number of acres (1,314) as, the East 
Center region. Although the bottom material consisted main­
ly of mud, bottom samples brought up by the trawl from the 
center of this region indicated a high percentage of unde-
composed organic material. This area contained all water 
over 5 feet in depth west of the line between the point of 
the Island and Fishermen's Point. 
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METHODS OF ESTIMATING- FISH POPULATIONS 
There are many methods of estimating the population of 
fish in a body of water. The most accurate is to drain the 
body of water and count all of the fish directly. Poisoning 
the population or using gear which captures all of the fish 
in a known area of the body of water have also provided data 
on fish populations. The most common, and often the most 
practical, method is the mark-and-recovery method in which 
a known number of fish are marked and released into the body 
of water. The ratio of marked to unmarked fish is then de­
termined in a later sample or samples. 
During the past few years many types of formulas and 
theories have been published on the use of mark-and recov­
ery techniques for the estimation of fish populations 
(Schaefer, 1951; Bailey, 1952; Chapman, 1952, and Sicker, 
1958). In the discussion of these methods the following 
notation will be used, as suggested by Crowe (1953): 
P = estimated number of fish in population 
N = number of fish in actual population 
A = number of fish captured in a sampling period 
B = number of marked fish present before sampling 
C = number of fish recaptured in sampling period. 
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Petersen Method 
The Petersen method is commonly used in studies where 
a moderate percentage of the fish population can be marked 
and released within a short sampling period. After an ade­
quate number of fish are marked in a population and ample 
time is allowed for them to randomly distribute throughout 
the population of unmarked fish, additional sampling is done 
to obtain the ratio of marked to unmarked fish in the lake. 
Knowing the total number of fish marked in the first sam­
pling period, an estimate of the total population can be 
made by the following equation (Petersen, 1896). 
P =_A&_ 
C 
La Place (1786), who originally used this equation, de­
veloped confidence limits based on the assumption of an in­
finite population. Pearson (1928), however, pointed out 
that all populations are finite in size, and developed a 
more accurate, although complex, confidence limit equation. 
Assuming binomial distribution of the ratios, Clopper and 
Pearson (1934) developed a table for setting 95 and 99 per 
cent confidence limits. Garwood (1936) discussed the method 
of computing fiducial limits for a Poisson distribution. 
Bicker (1937) pointed out that in studies where less than 5 
per cent of the fish are marked the ratio of recaptures fol­
lows the Poisson distribution, while in populations where 
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over 5 per cent of the fish are marked the use of "binomial 
distribution is more correct. Other equations for setting 
confidence limits were discussed by Chapman (1948), Schaefer 
(1951) and Sicker (1958). 
The accuracy of the Petersen estimate is affected by 
most of the basic assumptions discussed later. Cooper and 
lagler (1956) indicated that the degree of error can be 
serious if the estimate is based on a relatively small sam­
ple. However, this method has an advantage over the multi­
ple sampling techniques, since during the study mortality of 
the fish can take place in the population without making the 
estimates biased, as long as the mortality rate of the 
marked and unmarked fish is equal. 
Schnabel Method 
In bodies of water where sampling devices can capture 
only a small proportion of the population at any one time, 
estimation methods which accumulate the ratios of marked to 
unmarked fish caught over a period of time must be used. 
Estimates of this type are often called multiple sampling 
estimates since a series of many samples must be taken be­
fore accurate population estimates can be obtained. 
Althougn Schnabel (1938) presented four possible equa­
tions for estimating populations by multiple estimation 
methods, only one of them (given below) has been used to any 
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extent and is usually referred to as the Schnabel estimate. 
This formula for accumulating the ratios obtained from the 
many separate sampling periods was computed using the theory 
of maximum likelihood. The resulting equation is in the 
form of a series of components of increasing powers. By 
using only the first component of this series, 
an excellent approximation of the population of fish can be 
obtained (DeLury, 1951). The truncation of this series 
avoids cumbersome computations and does not significantly 
affect the accuracy of the estimate. DeLury (1958) pointed 
out that the weighting provided by the maximum likelihood 
method depends heavily on the proportion of tagged fish in 
the samples; and, therefore, on the random distribution of 
marked fish. Since the proportions of marked fish taken by 
sampling methods are liable to vary greatly, the weighting 
of these maximum likelihood estimates by these proportions 
of tagged fish is apt to be seriously biased. For these 
reasons DeLury stated that if the data indicate wide varia­
tion in the ratios obtained, the resulting estimate should 
be questioned. Wohlschlag and Woodhull (1952) discussed the 
corrected equation to be used in the Schnabel method if 
marking was discontinued but sampling continued. 
Bicker (1945b) pointed out that when less than 5 per 
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cent of the fish in the population are marked, the Schnabel 
estimate is more efficient than the Schumacher-Eschmeyer 
estimate described below. This is true because the Schnabel 
estimate is based on the Poisson distribution while the 
Schumacher-Eschmeyer estimate is based on binomial distribu­
tion. Although in her original paper Schnabel did not con­
sider the subject of confidence limits, Bicker (1958) dis­
cussed a method by which limits could be set on this type of 
point estimate obtained from large samples. Goodman (1953) 
also discussed the problem of confidence limits for sequen­
tial sampling methods. 
Bailey (1951) pointed out that when using maximum like­
lihood estimates it is desirable to obtain at least one re­
capture in each sampling period. This was not possible in 
the work at Clear lake since increasing the number of days 
per sampling period to ensure the taking of at least one re­
capture increased the chance of taking a fish twice in the 
same period which would introduce an even larger source of 
bias into the estimate. In determining the length of a sam= 
pling period in the present study, the species of fish and 
the amount of time between samples as well as the distance 
between samples were considered. If it was highly improb­
able that a fish marked on one day could be taken in a sam­
ple on the following day, the data for the two days were 
combined into one sampling period. 
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Cooper and Lagler (1956) found in their study that the 
effect of sample size on the efficiency of the Schnabel es­
timate is related curvilinearly to the number of sampling 
periods. Larger samples permitted the taking of a smaller 
number of samples for a given accuracy. Krumholz (.1944) 
found that if adequate sampling is not done with the 
Schnabel method the estimate obtained can be extremely in­
accurate. Since this method of estimating fish population 
permits an estimation of the population with each sample, 
the sampling can be stopped when consecutive estimates ap­
proach a steady limit. 
Bicker (1958) pointed out that in some studies the es­
timates after each sampling period do not tend to approach 
a limit, but show a definite trend to increase or decrease 
as the study progresses. A steady increase in the estimates 
could be obtained if marked fish avoided recapture. A 
change in the sampling gear or sampling method possibly 
would eliminate this source of bias. An increase in the 
estimates also could be due to either recruitment in the 
population being studied or differential mortality of marked 
fish. Although both factors affect the estimates similarly, 
further study of the available data usually would indicate 
whether recruitment or differential mortality were respons­
ible, permitting necessary adjustments. 
A decrease in the population estimates could be due to 
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marked fish being more susceptible to sampling gear than the 
unmarked fish or the repeated sampling of locations where 
previously marked fish congregated. If only the locations 
which contained heavy concentrations of marked fish were 
sampled and no sampling was done in the other areas, seri­
ously biased estimates could result as shown by Wohlschlag 
and Woodhull (1952). 
Schumacher-Eschmeyer Method 
The multiple sampling method designed by Schumacher and 
Eschmeyer (1943) is based on the theory of least squares. 
As pointed out by DeLury (1958), the ratios obtained from 
each sampling period with this method are weighted by the 
size of the sample, assuming that the weight of each sample 
is proportional to the number of fish in the sample 
(Schaefer, 1951)• Therefore, if the sampling system does 
not eliminate completely the bias due to non-random distri­
bution of the marked fish, the estimate obtained is not as 
biased as the Schnabel estimate. The equation as developed 
by Schumacher and Eschmeyer is as follows: 
Z B2 A 
P = 
Z BO 
Since the theory of least squares was used to determine the 
estimates, a relatively simple formula is available for 
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finding the variance of the point estimated obtained: 
Var(P) = [l S|Lj 
(k equals the number of sampling periods) 
Studies by Fessier (1950), Crowe (1953), Chapman (1954) and 
Hundley (1954) indicated that under normal conditions the 
estimates obtained by the Schnabel and Schumacher-Eschmeyer 
formulas are not significantly different. In the present 
study the estimates obtained from both of these methods were 
also similar. 
Although the method of computing the point estimate is 
more complex with the Schumacher-Eschmeyer equation the ad­
vantage of being able to determine standard error makes this 
estimate favored over the Schnabel estimate in many studies, 
even though less than 5 per cent of the fish were marked in 
the population being studied. 
Chapman Method 
Chapman (1951) described a method based on a normal 
hypergeometrie distribution. The three methods described 
above are based on either the binomial or Poisson approxi­
mations to a hypergeometric distribution. The formula for 
estimating populations as simplified by Crowe (1953) is as 
follows: 
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P = 
I[(f) (#) (^&)j 
^ ( (&) (&)) 
p 
with asymtotic variance of P = 
' A 
E(<p^) (ï&)] 
The Chapman method is based on a single recovery sam­
pling period during which several samples are taken. With 
this method it is necessary to assume that a fish cannot be 
taken twice in the sampling period (sampling without re­
placement) and that the ratio of marked to unmarked fish in 
each area sampled does not change during the sampling period 
(DeLury, 1951). This method could be used in conjunction 
with sequence type sampling if the fish which were marked 
and released after each sample were not given enough time to 
disperse into other areas before the sampling period was 
completed, or if all fish caught during a sampling period 
were retained and only released after the sampling period 
had been completed. Chapman (1951) pointed out that if the 
expected number of recaptures per sampling period is much 
smaller than ten, his population formula may fail to give 
even the correct order of magnitude of the population being 
AB 
studied. Since the expected number of recaptures is —g—, 
the number marked (B) and the number sampled (A) must both 
approach 10 per cent of the population (N) or one of these 
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(A or B) must comprise a proportionately higher percentage. 
Since sampling was with replacement in the Clear Lake 
studies and since the expected number of recaptures in any 
period was below 10, Chapman's method was not tried. Al­
though a study by Crowe (1953) indicated that the Chapman 
estimate was similar to the Schnabel and Schumacher-
Escimeyer estimates, the standard error for the Chapman es­
timate was larger than that for the Schumacher-Eschmeyer 
estimates, in all cases. A method developed by Chapman and 
Junge (1956) also could be used to estimate fish populations 
under some circumstances. However, the large number of re­
captures needed to obtain a reliable estimate by this method 
would prevent its use in most population studies. 
DeLury Method 
DeLury (1947)» realizing that estimates based on the 
mark and recovery method are often difficult to obtain, for­
mulated a method of estimating the size of a population of 
fish based on catch data. The one major assumption for this 
method is that fishing or sampling must remove a large 
enough part of the population to reduce the catch per unit 
of effort. This method can be coupled with a mark and re­
covery estimate by considering recaptures as fish which hy.d 
already been removed from the population, and the catch per 
unit of effort would be based only on the unmarked fish. 
23 
Since the assumptions basic to the DeLury method are not the 
same as those for mark and recovery estimates, comparison of 
the two estimates gives a test of the degree to which the 
assumptions are met (Rounsefell and Everhart, 1953). In the 
Clear Lake studies the units of effort were not constant 
enough nor were the declines in the unmarked population suf­
ficient to utilize the DeLury method. 
24 
BASIC ASSUMPTIONS FOR POPULATION ESTIMATION 
All of the methods based on mark and recovery estimates 
have similar basic assumptions which must be fulfilled in 
the estimates are to be unbiased. The six main basic as­
sumptions (Bicker, 1958) are discussed below. 
1. The population must be fixed in size. 
The ideal situation in population estimation work is to 
have a population which during the study does not increase 
in size either by recruitment or movement of fish into the 
population, and does not decrease in size either by natural 
or fishing mortality or movement of fish out of the popula­
tion. Since Clear Lake is an isolated lake and is not con­
nected with other bodies of water containing fish, there is 
no chance of movement of fish into or out of the lake. 
Under normal conditions in all studies which extend 
over a few days, recruitment must be considered and can be 
corrected for if suitable data are available (Parker, 1955; 
Bicker, 1958). In the present Clear Lake study, the minimum 
size limit was chosen as far as possible to avoid any seri­
ous bias due to recruitment. Selection of the limit will be 
discussed later. If no adjustment had been made to elimi­
nate bias due to recruitment, the known number of marked 
fish in the lake would have been diluted by the new unmarked 
fish growing into the population, thereby causing an upward 
bias of the population estimates. Bicker (1958) found that 
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continuous increase in Schnabel-type estimates might be an 
indication that recruitment was affecting the population 
estimates seriously. 
The magnitude of the effect of natural and fishing mor­
tality on the population estimates at Clear Lake is not 
known. The information obtained from the creel census work 
which was being carried on during the summer of 1958 and 
1959 was not comprehensive enough to measure the angling 
mortality. Although fair numbers of fish were taken early 
in the seasons, the general opinion that poor fishing pre­
vailed in the lake during the summers of 1958 and 1959 sug­
gested that the bias due to fishing mortality for most spe­
cies of fish in Clear Lake was minor. Further evidence of 
the magnitude of fishing mortality will be discussed later. 
Wohlschlag and Woodhull (1952) found that the effect of nat­
ural mortality on population estimation was usually insignif­
icant if the study was concluded within several months. 
The only correction for fishing mortality made in the 
present study was the reduction in total number of marked 
fish by the known number of tagged walleyes and largemouth 
bass removed by anglers. 
2. Mortality rate of marked and unmarked fish must be equal. 
Under normal field conditions this assumption is diffi­
cult to prove and frequently little evidence of its validity 
can be found. Increased mortality of fish due to marking 
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can be a source of serious bias. If the mark given causes 
mortality either directly or indirectly, the ratio of marked 
to unmarked is reduced, making the population estimates too 
high. 
Only fish in good physical condition were marked in the 
present study. Evidence of the effects of shocking and fin-
clipping on the mortality of fish will be discussed later. 
3. Marked and unmarked fish must be equally vulnerable to 
sampling gear. 
Several studies (e.g.. Moyle, 1950; Lawrence, 1952) 
indicated that passive gear such as traps and gill nets were 
selective for certain species of fish, and that marked fish 
sometimes avoided being taken in the same gear in which they 
previously had been captured and marked. Other individual 
fish may be "trap happy" and be overly vulnerable. Loeb 
(1957) recommended the use of an electric shocker in mark 
and recovery studies since this equipment is an aggressive 
sampling device and probably is not affected as much by the 
behavior of fish. 
In the present study the electric shocker, which was 
the main sampling gear, was supplemented by several other 
types of sampling gear. As suggested by Predin (1950), use 
of several methods of capturing fish reduces the bias due to 
difference in vulnerability of marked and unmarked fish. It 
is recognized that the various species of fish are not 
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equally vulnerable to capture, but these differences do not 
affect the population estimates since each species was esti­
mated independently. Latta (1959) found differences in vul­
nerability of different sized fish and estimated populations 
by size groups. Most of the species in the Clear Lake esti­
mates covered rather short ranges of size. The estimates 
referred only to the population above the minimum size 
marked. 
Carlander and Lewis (1948) indicated that the differ­
ence in behavior of schools of bullheads may affect esti­
mates seriously so that the estimates apply more exactly to 
the schools than the entire population. Schumacher and 
Eschmeyer (1943) pointed out that the gear used must be cap­
able of sampling the total population. Although trap nets 
were set only in water over three feet in depth, later poi­
soning indicated that a segment of the bullhead population 
was restricted almost entirely to a water depth shallower 
than three feet, and thus their estimates were in error. 
Bodeheffer (1941) stated that releasing marked fish at 
a center point in a lake often caused these marked fish to 
wander over the lake making them more susceptible than the 
unmarked fish to passive sampling gear, such as gill nets 
and trap nets. Errors of this type would make the popula­
tion estimates lower than the actual population. Bicker 
(1945a) indicated that when marked fish were released in the 
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same location in which they were captured, they resumed nor­
mal "behavior within two days. Trefethen (1956) with the use 
of sonic tracking equipment showed that fish which were cap­
tured and marked began normal activity within several mi­
nutes after release. In the present study all fish, with 
the exception of a few walleyes, were released near point 
of capture. 
4. Loss of marks must be insignificant. 
Another important source of error in population esti­
mates is the loss of marks or tags before the fish is re­
captured. The extent to which this loss affects the popu­
lation estimates depends upon the percentage of marks lost. 
A 25 per cent loss of marks, if not corrected for, would 
cause a 33*3 per cent overestimation of the true population. 
Eounsefell and Kask (194-6) discussed the many types of 
tags and their application. They indicated that before any 
study is carried out control studies should be made to de­
termine the suitability and permanence of the marks to be 
used for the species of fish under study. Host of the fish 
in the present study were marked by finclipping, but wall­
eyes, northern pike, largemouth bass and white bass were 
marked with numbered metal strap tags on the maxilla and 
premaxilla. Evidence that the loss of marks was insignifi­
cant will be discussed later. 
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5. The recapture of all marked fish must "be recorded. 
Closely related to the loss of marks is the incomplete 
reporting of marked fish. Since all of the fish which were 
used for population estimates in this study were examined 
for tags or clipped fins by a permanent crew of two, the 
error due to incomplete reporting of marked fish is consid­
ered negligible. 
6. The marked fish must randomly distribute or sampling 
must be in proportion to the population. 
Eon-random distribution of marked fish and the exist­
ence of subpopulations of fish were considered the largest 
sources of possible error in this study. Except for the 
largemouth bass and bluegill which were restricted to the 
littoral regions, all of the population estimates in subse­
quent sections were based on the assumption of a uniform 
ratio of marked to unmarked fish throughout the lake. Any 
tendency for the marked fish to concentrate in certain areas 
or to remain in the location where marked may cause serious 
bias in the population estimates unless precautions are 
taken to prevent it. Many studies (e.g., Cooper and Lagler, 
1956; and Ricker, 1958) have suggested methods of overcoming 
non-random distribution of the fish by different sampling 
designs. Bounsefell and Everhart (1953), Bicker (1958), and 
Whitney (1958) suggested methods of checking the degree of 
randomization that does take place * These methods will be 
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discussed later. 
Chapman and Junge (1956) presented a formula "based on 
a chi-square distribution which is capable of supplying evi­
dence on the randomness of the distribution which takes 
place. Since the test is only suitable for studies where 
simple sampling can be followed and a large number of recap­
tures can be taken, it was not possible to check the distri­
bution of the fish in Clear Lake by this method. 
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EQUIPMENT 
Experimental Grill Nets 
Experimental gill nets have been used in Clear Lake 
since the summer of 1947 (Carlander, 1953). The gill nets 
were set mainly to obtain samples for age and growth stud­
ies. However, as pointed out by Moyle (1950), they also 
provide a good means of determining changes in the fish 
population (Table 2). 
The experimental gill nets used in 1958 and 1959 con­
sisted of 25-foot sections of 0.75, 1.0, 1.25, 1.5, and 2.0 
inch (bar measure) nylon net. A 24-hour gill net set (four 
nets during the day and two nets at night) was made in each 
of the seven regions during each summer, with the exception 
of the South Bay and Black Rushes regions where two such 
sets were made each summer. These additional sets were made 
to coincide with the number and location of sets made in 
previous years, thus allowing direct comparisons of catches 
from year to year. The nets were checked every two hours 
and the fish measured, weighed, and marked before being re­
leased at another point in the same region but- clear of the 
nets. Since the gill nets frequently injure the fish, only 
the fish in good condition were marked to reduce the differ­
ential mortality of the marked fish. Moyle (1950) and Buck 
and Cross (1952) indicated that gill nets were very selec-
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Table 2. Summary of experimental gill net catches in terms 
of catch per gill net hour by species from Clear 
Lake, Iowa, 1953-59*a 
Year 
Species 1953 1954 1955 1956 1957 1958 1959 
Bullhead 2.842 3.275 2.241 2.499 2.115 .923 1.120 
Yellow bass .647 1.589 1.751 1.765 1.802 2.491 2.469 
Bluegill .291 .243 .317 .346 .355 .107 .029 
Walleye .366 .552 .433 .212 .320 .202 .257 
Yellow 
perch .951 .319 .221 .035 .032 .026 .017 
Black 
crappie .109 .121 .039 .041 .027 .026 .008 
White bass .004 - .007 .028 .053 .053 .025 
Common white 
sucker .040 .140 .011 .028 .050 .033 .015 
White 
crappie .001 .002 .033 .023 .082 .290 .105 
Carp .021 .030 .004 .017 .048 .039 .025 
Northern 
pike .174 .106 .024 .004 .007 .005 .008 
Largemouth 
bass .013 .004 .007 .001 .003 .005 -
Channel 
catfish .038 .013 - .001 .008 .004 .036 
Pumpkinseed .034 .017 .002 - - - -
River carp-
sucker - - -
- .002 .002 
-
a1953-1956 Data taken from Ridenhour et al. (1956) and 
1957-1959 data taken from McCann et al. (1959). 
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tive for the size and species of fish caught. Whitney 
(1958) found that when gill nets alone were used for mark 
and recovery, population estimates for different size groups 
had to be computed separately to overcome selective bias. 
Otter Trawl 
During the 1958 season it became evident that some 
method would have to be developed to sample fish in water 
over 5 feet in depth, lor this reason, an otter trawl, with 
a mouth 18 feet wide and 4 feet deep,was purchased in 1959. 
Although the purchased trawl was made of 1/2-inch mesh, a 
larger mesh might have been more desirable since several 
walleye and crappie fingerlings became trapped in the net 
and were crushed by the weight of the larger fish. The 
otter boards used each measured 12 by 24 inches and weighed 
approximately 18 pounds. The first sampling pulls were made 
with the Crestline aluminum boat powered by a 10-horsepower 
Johnson outboard. This combination did not supply enough 
power, and working space was extremely limited. To increase 
the power and the working area a 9 by 12-foot pontoon raft 
powered by two army surplus, 9.8-horsepower Johnson motors 
was used. A separate line was attached to each otter board. 
The forward ends of the tow ropes were fastened to two 
pieces of 2 by 4 which were used as levers against the for­
ward floor of the raft. The boards were long enough to 
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extend to the center of the raft, enabling one man to hold 
both boards easily and making a two-man crew possible. When 
the boards were adjusted correctly, the use of this lever 
arrangement allowed the holding man to feel any increased 
strain on the tow lines and release the lines immediately 
when snags were encountered. To facilitate the retrieving 
of a fouled net, a nylon cord (as long as the maximum water 
depth in the lake) was attached to the bag end of the net 
and a float placed on the free end. 
The optimum catch in the trawl was taken when the tow 
lines were increased to 90 feet and the net towed at maxi­
mum speed, which was obtained by the wide-open operation of 
both motors. The speed at which the net was towed varied 
due to the direction of the wind and the type of bottom en­
countered, since mud bottoms slowed the towing considerably. 
The average speed was approximately 160 to 180 feet per mi­
nute (1.8 to 2.0 miles per hour) with 10-minute hauls in the 
main lake and 5-minute hauls in the West End. Wirth (1957) 
found that a speed of 2 to 3 miles per hour and sampling 
hauls of 5 to 10 minutes produced optimum efficiency in 
Wisconsin lakes. 
The general sampling route to be followed each day was 
usually picked before the day of sampling so that the hauls 
would not overlap or come too close to the previous hauls or 
release points of that day. The fish caught were marked and 
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released at the end of each run. The raft was run a short 
distance after each release, "before sampling was continued, 
to reduce the possibility of any fish being recaptured twice 
in the same day. The trawl proved to be very effective in 
taking bottom-dwelling fish, such as bullheads, but also 
took carp, walleye, crappie, white bass and yellow bass in 
sizes ranging from fingerling to adult. 
Haskell et al. (1955) found that the efficiency of the 
otter trawl could be increased by placing electrodes in 
front of the trawl to stun the fish before capturing them. 
Electrification of the trawl was not attempted in this study. 
Seine 
Twice during the sampling season in both 1958 and 1959 
the Iowa State Conservation Commission lake survey crew vis­
ited Clear Lake. Each time three to four seine hauls with 
a 500-foot, 1/4—inch bar mesh seine were made at different 
locations in the lake. All fish taken by this crew during 
the summers of 1958 and 1959 were checked for marks and 
either finclipped or tagged depending on the size and spe­
cies of the fish. Because of the short length of seine and 
the limited places available for seining, its catch provided 
very little data for this study. 
Before the fishing season opened in the spring of 1958 
the Iowa State Conservation Commission rough fish crew made 
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four seine hauls with a 2,000-foot (1/2-inch mesh) seine on 
the east side of Mcintosh State Park and in the West End. 
Primarily, this work was done to remove carp, buffalo and 
bullheads. A total of 5,335 game and pan fish in these 
hauls were marked and released in the same region in which 
they were captured. During 1959 the rough fish crew again 
sampled various parts of the western half of the lake, with 
a 3,400-foot (1-inch mesh) seine. One haul also was made on 
the east side of the Island. All game and pan fish from 
these hauls were checked for tags, marked and released. 
During August of both sampling seasons the rough fish 
crew returned to Clear Lake to make a demonstration haul 
with a 2,000-foot, 1/2-inch mesh seine for Governor's Day. 
The site selected in 1958 was the east side of the Island. 
Only 303 fish were taken in the haul of which nearly one-
half were bullheads. In 1959 the demonstration haul was 
made off Gamer Beach, but only 117 fish were taken. 
In the fall of 1959 (September 22 to November 2) the 
rough fish crew returned with a 3,400-foot (1-inch mesh) 
seine to remove as many rough fish as possible from the 
lake. During most of the first two weeks of operation the 
author was there to direct the marking procedures and to 
check all game and pan fish for marks. After this period 
the author was unable to be present, and only the ratio of 
tagged to untagged fish was recorded by the foreman of the 
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crew. Although the primary purpose of the crew was to re­
move rough fish, and it was usually difficult for the crew 
to check for tags, the recorded ratios are considered to be 
accurate. The crew was not asked to check for finclips be­
cause this required more time and interfered with the opera­
tion. Since the net during this seining period consisted of 
2-inch bar mesh, only the adult game fish such as northern 
pike, walleye, and largemouth were taken. 
The presence of snags, docks, boat tieups, heavy mud 
and other obstructions on the bottom of the lake prevented 
the use of the seines in many locations of Clear lake. In 
the Hatchery and South Bay regions the only place where a 
seine over 500 feet could be used was off the east side of 
the Island. Only eight other locations in the lake were 
considered seinable by the regular rough fish crew. 
The seine catches varied greatly in size. Because of 
the need for a large crew (seven or more men) and because 
the unequal distribution of sampling effort may give biased 
estimates if the marked fish did not randomly distribute 
throughout the population after marking, the usefulness of 
large seines is limited. 
Rotenone 
During the late summer and early fall of 1959, spot 
poisoning by the Iowa Conservation Commission indicated that 
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large populations of young-of-the-year carp, yellow bass, 
aiiu bullheads were present in the West End. On September 8, 
the entire West End, with the exception of the deep channel 
area, was treated with 5 per cent rotenone. 
Most of the fish were picked up by the author and exam­
ined for tags and finclips. Since the marking was completed 
before this period, Petersen estimates could be made. These 
estimates will be discussed in a later section. 
Electric Shocker 
The major sampling device for areas with a water depth 
of less than 5 feet was a gasoline-driven, 150-volt, alter­
nating current generator which produced approximately 750 
watts. The generator was placed on the bottom of a 16-foot 
alumimm Crestline boat between the second and third seat. 
The boom to hold the electrodes was fastened by bolting 
a 2 by 4 board to the boat through the oarlocks. Using this 
board as a base, the end of a 17-foot piece of 2 by 4 was 
bolted to it at right angles, with the free end extending 
over the bow of the boat. The "T" shaped boom was completed 
by bolting an 8-foot piece of 2 by 2 to the end of the main 
boom. The main boom was secured to the bow of the boat by 
a 10-inch turn buckle between a screw eye in the 2 by 4 and 
the mooring ring on the boat. This type of boom arrangement 
caused the least interference with the netting of stunned 
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fish and allowed easy removal of the boom from the boat when 
changing sampling gear. The power for shocking was taken 
from the generator by two heavy (10 gauge single strand) 
copper wires which were fastened to the upper side of the 
boom. 
Several types of electrodes were tried since the use 
of the shocking equipment in a variety of habitats required 
an outfit which was adjustable to rapid changes in depth as 
well as being maneuverable in areas such as the bullrushes. 
One of the first types of electrodes used consisted of 5-
foot pieces of 1/4—inch galvanized wire, weighted with lead 
and wrapped with copper wire to increase conductivity. Al­
though these electrodes appeared to be efficient for shock­
ing fish, they frequently became entangled in the vegetation 
causing heavy wear and necessitating the rewrapping of the 
copper every few weeks. A more effective electrode was 
developed during the 1959 season. Copper-coated ground rod 
(1/2 inch in diameter) was cut into 18-inch pieces. Three 
of these were connected together with short pieces of gal­
vanized chain to make 5-foot electrodes. To reduce the 
resistance, small pieces of copper wire were soldered be­
tween the rods directing the electric current through the 
wire instead of the galvanized chain. These new electrodes 
noticeably increased the effectiveness of the shocker, were 
less apt to become entangled in the vegetation, and required 
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no maintenance except for an occasional replacing of the 
galvanized chains. 
In early work with electric shockers only the maximum 
or running voltage of the generator used was reported. 
Fisher (1950) indicated that the voltage output of the gen­
erator was only indirectly related to its shocking effi­
ciency. Total efficiency of the gear was directly related 
to the actual size of the voltage drop "between the elec­
trodes. The voltage drop or gradient was found to depend 
on the output of the generator, the loss of current other 
than through the water, the resistance of the water and the 
distance between electrodes (Haskell, 1954). The less 
electrolytes dissolved in the water, the closer the elec­
trodes must be to get good shocking results. 
In the present study the most effective distance for 
the placement of the electrodes proved to be about 8 feet 
apart. Further separation made it impossible for the bow 
man to pick up the fish without undue fatigue, and also 
decreased the efficiency of the shocker. 
Since the output of the generator was slightly over 
150 volts, the calculated voltage gradient was approxi­
mately 1.5 volts per inch. Loeb (1955) found that a 
gradient drop of one volt per inch was adequate to stun 
most game and pan fish and caused a minimum of mortalities. 
However, a voltage drop over three volts per inch 
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caused significant mortality to the sampled fish. Collins 
et al. (1954) pointed out that the value of total voltage 
(fish length times voltage gradient) was the most important 
factor in shocking fish. 
Punk (1949) found that a 110-volt alternating current 
shocker with 5 to 6 amperes was sufficient to stun most 
fish. Smith et al. (1959) made the statement that the value 
of alternating current was limited in lakes "because the fish 
were not confined and were able to avoid the electric field 
before they were narcotized. However, if the equipment used 
has enough power to stun the fish quickly, the possibility 
of the fish escaping the field after feeling the current is 
negligible (Omand, 1950). Webster and co-workers (1955) 
found that alternating current was better for quantitative 
work than direct current, but when used incorrectly, alter­
nating current caused greater mortality than direct current. 
A 150-volt direct current generator also was used with 
the electrode system described above and proved to be in­
adequate. The direct current generator was unable to stun 
fish even when the electrodes were moved two feet closer. 
Webster and co-workers (1955) indicated that more voltage is 
needed for shocking with direct current than with alternat­
ing current. Haskell (1940) and Loeb (1958) found that 
direct current worked inadequately even with generators of 
high capacity. Bayner (1949), Pratt (1952), and Haskell 
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(1954) stated that to obtain equal efficiency a higher volt­
age gradient is needed in direct current than in alternating 
current. Bayner (1949) and Blaon (1950) preferred direct 
current to alternating current especially in turbid waters. 
Loeb (1958) pointed out that under some conditions the di­
rect current, because it attracts the fish to the positive 
electrode before stunning them, had an advantage over alter­
nating current. He also indicated that the efficiency of 
direct current was affected more by chemical and physical 
conditions of the water than was alternating current. 
Haskell et al. (1954) and Beliefson (1958) showed that the 
effectiveness of a low wattage direct current generator 
could be increased by pulsating the steady flow of current 
either by mechanical or electronic means. However, Haskell 
and Adelman (1955) found that rapid pulsating current was 
not as effective in holding the fish near the electrodes. 
Type of bottom material, temperature of the water, 
chemical composition of the water, type of fish present and 
type of electrodes are some of the factors which affect the 
efficiency of the shocker, and may be responsible for the 
differing results which have been reported. 
The way in which the electric shocker was used in Clear 
Lake depended upon the habitat being sampled. Around the 
docks and through heavy vegetation, one of the crew, wearing 
waders, pushed the boat so there was no problem of 
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maneuverability. The general shocking speed in these habi­
tats was a slow, walking pace. When heavy schools or large 
fish were involved, the dismounted man aided in the collec­
tion of fish. In deep water or in areas where wading was 
dangerous, such as boulder-covered reefs or irregular bot­
toms, the boat was powered by a 10-horsepower Johnson motor. 
Although the boat handled well with the motor, the maneuver­
ability was decreased, preventing the capture of late-float­
ing fish which came up out of reach of the bow man. 
The bow man straddled the 2 by 4 boom and during "slow 
periods" could rest on a seat constructed on top of the boom. 
The fish were picked up by 8-foot dip nets and placed in 15-
gallon tubs which were on the bottom of the boat and on the 
boat seat behind the bow man. Under normal conditions, it 
took about 5 to 7 minutes to fill the tubs, depending upon 
the size and species of fish. 
Although most of the shocking was done during the day, 
lights were attached to the boat for night operation. Two. 
3-foot upright arms were bolted to the baseboard just above 
the oarlocks. Photographic reflectors containing 50-watt 
bulbs were attached to the upper ends of these uprights, and 
their beams were directed towards each electrode. This 
arrangement of lights allowed easy netting of fish without 
casting shadows over the sampling area. Another smaller 
light was attached to the rear gunnel beside the outboard 
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motor, enabling the operator to see and pick up fish which 
came up behind the boat. 
In contrast to the work done by Loeb (1957) in Hew 
York, the electric shocker proved more efficient in Clear 
Lake during the day than at night. Twelve night-sampling 
periods (from 8 to 12 p.m.) were completed during the sum­
mers of 1958 and 1959* Only yellow bass and a few walleyes 
were taken each evening even in locations which normally 
yielded good catches during the day. Difference in the wa­
ter turbidity of the two lakes probably explains the differ­
ence in success. Moen (1954) stated that alternating shock­
ers worked best in the daytime in lakes having Secchi disc 
readings between one and three feet, and in lakes having 
readings of more than three feet, night sampling proved more 
efficient. Clear Lake had an average Secchi disc reading of 
two feet through the 1958 and 1959 sampling periods. The 
correlation between turbidity and the best sampling time 
probably was due to the ability of the fish in clear water 
to see the approaching gear and avoid the electric field, 
whereas at night or in turbid water the fish do not sense 
the approaching gear until they are in the electric field. 
The failure of the artificial lights to duplicate daylight 
conditions probably caused the lower efficiency of the 
shocker during the night sampling. 
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Safety devices 
Before the generator was started, all assistants and 
observers were made aware that, if improperly handled, the 
electric energy used was of sufficient strength to electro­
cute a man (Haskell and Zilliox, 1940; Bison, 1950). All 
personnel working in the boat or near the sampling area were 
required to wear rubber waders although Joeris (1949) indi­
cated that only people standing between the electrodes could 
be hurt seriously. 
The generator was insulated from the bottom of the 
aluminum boat by three inches of wood, and any parts of the 
generator which possibly might come in contact with the boat 
were well insulated with rubber pads. A short extension 
cord was placed in the circuit between the generator and the 
electrodes so that the man in charge of the outboard and 
generator could reach it with his hand or the bow man with 
his net. Pulling this cord immediately shut off all power 
from the generator. Placement of the bow man with his feet 
below the level of the front seat made it almost impossible 
for him to fall forward even if an obstruction below the 
surface of the water suddenly stopped the boat. 
Effects of electricity on fish 
Studies by Bary (1956) and Meyer-Waarden (1957 ) dis­
cussed the different reactions of fish placed in an elec­
trical field when the current is direct, interrupted-direct, 
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or alternating. Haskell et al. (1954) found that when di­
rect current was used, the fish, upon entering the field, 
swam involuntarily towards the positive electrode, but be­
came stunned, turning on its side or completely over before 
touching the electrode. If the positive pole was at the 
surface of the water, the fish would float for about 20 sec­
onds before slowly sinking. The fish remained limp and stu­
pefied only as long as it remained in the field. 
When a fish is placed in pulsating (interrupted) direct 
current, each pulse causes the body of the fish to vibrate 
(Haskell et al.. 1954) to turn toward the positive pole and 
to move in that direction in short spasms. Taylor et al. 
(1957) found that fish stunned with pulsating direct current 
revived similarly to fish stunned with direct current. 
When placed in alternating current, the fish did not 
swim toward either electrode, but were immediately paralyzed. 
All fish when stunned with alternating current were rigid in 
extreme muscular tentanus, and not breathing. Hauch (1949) 
described the reaction of rainbow trout as a violent spas­
modic muscular reaction. He reported that because of the 
extreme reaction many fish showed external physical damage. 
In Clear Lake only a few fish showed injury from shocking. 
Meyer-Waarden (1957) stated that fish stunned with alter­
nating current took a position transverse to the direction 
of the current (oscillotaxis), but no definite orientation 
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of the fish to the axis of the field was noticed in this 
study. 
The direction in which a fish entered the electric 
field affected the reaction of the fish considerably. 
Haskell (1954) and Whitney and Pierce (1957) indicated that 
fish entering the field parallel to the axis of current were 
hit faster and more severely than fish entering the field 
perpendicular to the main axis of current. In the present 
study several fish, especially large fish which were moving 
before feeling the full force of the current, were able to 
glide through the center of the field perpendicular to the 
main axis of the field without being stunned. Pish entering 
the field parallel to the axis of the field or turning par­
allel to the current flow after entering were stunned imme­
diately. Pish stunned over 5 feet below the surface took 
considerable time to float to the surface. This not only 
required slowing the forward motion of the boat to retrieve 
the fish, but it allowed the fish additional time in which 
to revive and swim away before reaching the surface. In­
creasing the electrode length to fish deeper water increased 
the danger of the electrodes touching each other in shal­
lower water, causing a safety hazard to the operating per­
sonnel. In turbid water stunned fish may not be visible and 
may be missed if they do not come to the surface. 
Bary (1956) in his study on marine fish found that 
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temperature did not affect the reaction of the fish to the 
electric current. However, he did find that active fish 
were more susceptible to electric current than inactive fish. 
Since most fish are less active in cold water than in warm 
water, this could explain why larimore et al. (1950) found 
that to obtain equal efficiency during cold weather the for­
ward motion of the shocking equipment must be slower than in 
warm weather. Whitney and Pierce (1957) found that tempera­
ture. along with differences in the chemical composition of 
the water, could affect the efficiency of the shocker by 10 
to 20 times. Efficiency of the shocker was reduced in 
colder water and in water with low electrolyte concentra­
tion. The need for slower sampling with the electric shock­
er during cold water periods was noticed in the present 
study at Clear Lake. 
The importance of the size of the fish in connection 
with the effectiveness of the electric shocker has concerned 
many workers. Shetter (1947) and Sullivan (1956) stated 
that smaller fish were not taken as efficiently as larger 
fish. Loeb (1955) stated that this was due to the ability 
of the smaller fish to avoid the field, while Haskell (1940) 
found that the electric current affected all sizes of fish 
equally, but that smaller fish were more difficult to see 
and were often overlooked. In a later paper Haskell (1954) 
found that the voltage threshhold for different sizes of 
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fish of the same species did not vary xor fish from 3 to 11 
inches long, but that for most species of fish less voltage 
gradient was needed to stun fish over 12 inches than was 
needed to stun fish under 12 inches. 
Most walleyes in Clear lake, when stunned by the alter­
nating current electric shocker, turned on their sides with 
a violent twitching motion and floated on the surface of the 
water « If not completely stunned, the walleyes would swim 
in tight circles propelled only by a slight movement of 
their tails. The fish usually remained stunned (stiff) for 
approximately two minutes after being removed from the elec­
tric field and then slowly recovered. Walleyes, which be­
came entangled with the vegetation and electrodes or re­
mained in the electric field while other fish were netted, 
usually took longer to revive. Of all the walleyes (approx­
imately 1,500) taken with the electric shocker during the 
1958 and 1959 season, only seven walleyes showed permanent 
effects. Pive failed to revive, but showed no external 
physical damage, while two walleyes, one in each season, had 
their throat regions torn and were unable to swallow without 
their tongues protruding through the gill opening. This 
tearing probably was due to the extreme tent anus to which 
a fish was subjected when shocked with alternating current. 
Hauch (1949) described somewhat similar damages in shocking 
experiments with rainbow trout. 
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The reaction of the largemouth bass to the electric 
shocker was entirely different from that of the walleyes. 
None of the largemouth bass came to the surface except 
momentarily when shocked. Most of the largemouth taken in 
water over two feet deep came to the surface with a churning 
of the water and then sank gradually. Quick action on the 
part of the bow man was needed to net these fish. When 
shocking in shallow water (12 inches or less) the largemouth 
tended to remain stationary as the shocker approached. 
Their only movement was to turn ventral side up when they 
lost their equilibrium. The faint light reflection from the 
underside of the fish was usually the only sign of a stunned 
fish. Because of this reaction to electric current, prob­
ably many bass were overlooked and the efficiency of the 
shocker was questionable. 
Bluegills, crappies and white bass tended to lie- on 
their sides and to float to the surface when stunned. Any 
stimulant applied to the fish, such as touching them with 
a net, provoked a swimming response, so that a fish, not 
taken on the first try often revived before the bow man 
could try again. When the electric current was applied in 
shallow water, the bluegills and crappies usually made a 
swirl at the surface and then sank slowly to the bottom. 
The shocker from all observations was an effective method 
of sampling these species of fish. 
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As the current ne ared the yellow bass they would swim 
in tight circles until totally paralyzed. Completely 
stunned yellow bass usually floated in a rigid, arched posi­
tion. During the 1958 and 1959 sampling seasons, 20 yellow 
bass were injured by the electric shocker. This damage or 
injury was in the form of a torn isthmus, probably caused 
by the extreme tentanus of the fish. Although these fish 
were able to swim away, all of these fish kept in a con­
trolled situation died within an hour. Gross dissection of 
the 20 specimens did not show damage other than the torn 
isthmus. 
Since their normal habitat was near the bottom, the 
bullheads, after shocking, would start to float slowly to­
ward the surface, usually reaching it after the boat had 
passed. The floating position was always dorsal side up 
with the mouth just breaking the surface. In rough water 
or at night the reflection of the light on the inner margin 
of the mouth was all that could be seen. For these reasons 
the shocker was not considered an efficient method for sam­
pling bullheads, except when the forward motion was slowed 
considerably and the surface of the water was smooth. 
Over 500 fish, including all species of rough and game 
fish which are found in Clear Lake, were collected by the 
alternating current electric shocker for exhibition purposes 
at the Clear Lake Fish Hatchery. The fish were usually 
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retained in the aquariums from several weeks to a month. Ho 
mortalities except those which could be attributed to han­
dling or to the failure of the water supply were found. 
Several hundred 4- to 8-inch yellow bass which were 
taken in a similar manner were kept at the Iowa State Fair 
in Des Moines for several weeks. Hone of these fish showed 
mortality due to the shocker. Tag returns by anglers to the 
Clear Lake Chamber of Commerce indicated that several wall­
eye and largemouth bass taken by the electric shocker and 
tagged were caught by fishermen the following day. Appar­
ently the fish quickly returned to normal behavior after 
marking. The mortality due to shocking, either immediate or 
later, was also found to be insignificant by Bayner (194-9). 
Pratt (1955) found that with alternating current over 15-
second exposure was necessary before excessive mortality was 
caused by shocking. Fish in direct current could stand 
longer periods of exposure without an increase in mortality 
rate. In his study, Pratt found no correlation between size 
of fish and mortality rate with either alternating or direct 
current. Smith and Bison (1950) found that if a fish was 
able to swim away normally after shocking, it did not usu­
ally die later due to injury from shocking. 
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METHOD OF MASKING FISH 
The type of mark given to a fish depended on the spe­
cies of the fish, the size of the fish (Table 3)» and the 
location in which the fish was taken. All largemouth bass 
over 10 inches and all walleyes and northerns over 12 inches 
were marked by placing a size 3 monel metal strap tag (9/16 
inch long and 1/8 inch wide when clenched) on the upper jaw. 
White bass and the smaller walleyes were marked with a size 
1 monel metal tag (3/8 inch long and 1/16 inch wide when 
clenched). 
Early in the summer of 1958, tags were applied over the 
premazillary bone or over both the premaxillary and maxil­
lary bones of the walleye and largemouth bass. The choice 
depended upon the position of the mouth when the tag was 
applied. However, later recaptures showed that tags placed 
over only the premaxillary bone left large sores and, in 
several cases, the tag had almost eroded through the bone. 
Some recaptured fish were ready to shed their tags within a 
month after marking. Most of the tags which were put over 
both the maxillary and premaxillary bones were completely 
healed, and some were overgrown with tissue. Only one of 
the recaptures carrying a tag placed over both bones indi­
cated poor healing. Because of these observations, all sub­
sequent tags were placed over both bones. Eschmeyer (1942) 
and Churchill (1955) also found that tags placed over both 
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the premaxillae and maxillae healed well and did not inter­
fere with the feeding of the fish. Kimsey (1956) stated 
that tags placed over "both of the jaw hones of largemouth 
bass at the level of the junction between the maxilla and 
premaxilla were lost after only four months. The later 
study was done on small, fast-growing bass in an aquarium, 
and probably explains the loss of the tag within a short 
period of time. Ball ( 194-7-) found in his study that maxil­
lary tags were superior to mandible tags on larger bass, 
while Dequine and Hall (1950) found that although a tag 
placed only over the maxillary was fairly permanent, it 
interfered with the opening and closing of the mouth. They 
stated that clamping the tag down tight on the bone stopped 
all movement of the tag and prevented local inflammation. 
However, Shetter (1936) stated that tags should be placed 
loosely over the mandible bone to allow for the growth of 
the bone because tightly clamped tags caused the bone to be 
reabsorped, and the tag to be shed. Since none of the 
largemouth bass taken in the present study showed any evi­
dence of having previously carried and lost a tag placed 
over both the premaxillary and maxillary bones, the loss of 
tags was not considered serious for this species. The dif­
ference in findings of the permanency of the tags probably 
was due to the fact that only slow-growing adult bass were 
marked in Clear Lake, while smaller, fast-growing fish were 
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marked in both of the other studies. 
In early July, 1959, one adult 17-inch largemouth was 
captured in the Black Rushes and transferred to the hatchery 
for exhibition to summer visitors. When the fish arrived at 
the hatchery, it was found to be a tagged recapture with 
well-healed maxillary and premaxillary bones. Since the 
fish was in good shape, it was placed on exhibition. This 
largemouth remained in the aquarium for almost two months 
before it was released into the lake. During the time that 
the fish was in the hatchery, it was fed live minnows and 
several 4-inch bluegill. The tag did not interfere with the 
feeding of the fish and was still in good condition when the 
fish was released. 
Whitney (1958) in his work at Clear Lake in 1952 and 
1953 marked walleye with tags placed only over the pre­
maxillae. From later recapture data, he estimated that 
nearly 40 per cent of these tags were lost in the first 
year. In the present study, all jaws were checked for 
breaks before tags were put on. With the exception of a 
few freshly broken premaxillary bones found early in the 
summer of 1958 before all tags were put over both bones, no 
recaptured walleyes showed any indication of having shed 
tags placed over both bones. Therefore, it was believed 
that placement of tags over both upper jaw bones of walleyes 
reduced the loss of tags to a point where it was insignifi­
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cant. For this reason no tag loss correction factor was 
considered in later population estimates. 
On northern pike the tag was placed only over the pre-
maxilla, but so few recaptures were taken that it was not 
possible to determine the permanency of these tags. All re­
captured white bass over 9 inches, marked with a size 1 tag 
over both the premaxilla and maxilla, showed that the wound 
caused by the tag had completely healed. Of the 27 white 
bass tagged during the summer of 1958, two of them, tagged 
in October, were recovered in June, 1959» Both of these 
fish also showed that the area around the tags had complete­
ly healed. One white bass recovered 60 days after tagging 
showed a slight redness around the tag but otherwise was in 
good condition. Bicker (1942) indicated that tagged fish 
found it harder to take natural food than untagged fish. 
Therefore, more marked fish were taken by angling than un­
marked fish. 
With the exception of rough fish, all other fish which 
were in good condition and over 6 inches in total length at 
the beginning of each season were marked by finclipping. A 
different combination of fins was clipped for each region 
(Table 4). Finclipping was accomplished by using a pair of 
8-inch kitchen shears, and cutting close enough to the base 
of the fin to draw some blood. The minimum size limit of 
6 inches was set for the bluegill, bullheads, yellow bass, 
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Table 4» Combinations of fins clipped for the different 
sampling regions of Clear Lake, Iowa, in 1958 
and 1959. 
Region Species Fins clipped3 
West End All Left pectoral 
Black Rushes All Right pelvic 
Clausen's Cove Bullhead Left pectoral 
All other Right pectoral 
Hatchery All Right pectoral and 
right pelvic 
South Bay All Left pectoral and 
left pelvic 
West Center All Left pectoral and 
right pelvic 
Bast Center All Both pelvics 
The left pelvic was clipped from fish taken before the 
regular sampling season in 1958. These fish were released 
along the west shore of the lake. 
black crappie and the white orappie. Sampling during the 
summer of 1958 indicated that for the first two species the 
one or two year classes which would normally be less than 6 
inches were missing almost entirely. This made it unneces­
sary to raise the limit during the summer to account for 
growth as the summer progressed. In the case of the last 
three species, however, several age groups5 measuring less 
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than 6 inches were represented in the population, and it was 
necessary to increase the lower size limit (Table 5) so that 
only fish 6 inches or larger at the beginning of the study 
were included in the estimate. 
Although many studies have shown that members of the 
family Salmonidae are capable of regenerating fins almost 
completely, studies on freshwater spiny-rayed fish (Bicker, 
1949; Scott, 1949) have indicated that if the complete fin 
is cut close enough to the base to draw blood, regeneration 
will be slow and incomplete. However, Me e he an (1940) showed 
that the fine lipping of small, fast-growing fingerling bass 
was followed by almost complete regeneration of the paired 
fins as well as the clipped dorsal and caudal fins. By the 
spring of 1959 the soft rays of most fish showed some regen­
eration, and until the latter part of August, 1959, it was 
Table 5. Minimum size limits used to remove recruitment 
bias due to growth of the fish while estimating 
the population of fish in Clear lake, Iowa, 1958 
and 1959. 
Minimum size limit in inches 
Species June July August 
Walleye 12*0 13«0 14*0 
Yellow bass 6.0 6.0 6.5 
Black orappie 6.0 6.5 7.0 
White orappie 6.0 6 . 5  7.0 
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possible, with the exception of the black and white orappie, 
to separate fish marked in 1958 from fish marked in 1959 
without difficulty. All finelip recaptures were examined 
independently by both men in the crew and, with the excep­
tion of the crappies, one yellow bass and one bullhead taken 
near the end of the summer in 1959, their conclusions were 
identical. Although there was a possibility that both men 
were wrong, the possibility of errors in determining the 
year in which the fish was clipped was not considered impor­
tant. Cauterization of cut fins, as suggested by Herman 
(194-6), was not thought necessary since the regeneration of 
fins in this study was so slow. Some cases of naturally-
missing fins were encountered during this study. Two bull­
heads missing right pelvic fins and one missing both pelvic 
fins were taken. Two yellow bass, one missing the right 
pelvic fin and the other missing both pelvic fins, were also 
taken. All five of these fish were examined under a dis­
secting scope, but there was no evidence of any supporting 
bones such as would be found if a clipped fin had healed 
over after being clipped close to the body. 
To obtain information on the effect of finelipping, 
several groups of yellow bass were introduced into the 
aquariums at the hatchery. Ten out of 20 yellow bass placed 
in the aquariums were clipped with the same combinations as 
those used in the lake. The remainder were used as controls. 
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All fish sank to the "bottom of the tank for several minutes, 
but rose to swim around after becoming accustomed to the 
aquariums. The marked fish generally took several minutes 
longer to become accustomed to the aquariums. However, the 
unmarked fish were never handled individually which alone 
might explain the additional recovery time required by the 
marked fish. A slight awkwardness of the marked fish was 
noticed during the first day after marking, but after this 
period, little difference was noticed between marked and un­
marked fish. Eicker (1945a) found that marked fish resumed 
normal behavior within two days. 
Crawford (1958) found that finclipping of bluegill se­
riously affected the mortality rate of the fish only when 
the food supply was limited and the marked fish were re­
quired to compete with the unmarked fish for food. Eicker 
(1949) indicated that finclipping of medium-sized fish had 
no effect on the mortality rate of these fish. Gerking 
(1958) found that differently marked bluegill showed no dif­
ferences in survival. Clipping of two fins seemed to have no 
more effect than clipping a single fin. 
Hew marking methods, such as the latex injection devel­
oped by Davis (1955) and Gerking (1958) and the sand blast­
ing technique developed by Jackson (1959), also hold promise 
for future population work, but these methods were net used 
in this study. 
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In the discussions which follow, fish which are recap­
tured in the same region where tagged and released will be 
referred to as local recaptures and those recaptured in some 
region other than the one in which originally tagged will be 
called immigrant recaptures. 
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DISCUSSION OP SAMPLING- SCHEDULE USED 
When the estimation of populations of a lake must be 
based on small samples, it is extremely important to conduct 
the sampling carefully if unbiased data are to be obtained. 
One of the basic assumptions in population estimation by 
mark and recovery is that the ratio of marked to unmarked 
fish in the population is uniform over all regions. In 
bodies of water where random distribution is known to take 
place, the sampling for recaptures is no problem. However, 
when lakes are broken up into bays or when the fish involved 
show definite home ranges, the design of the sampling system 
must be planned more carefully. 
Several methods to obtain unbiased estimates have been 
suggested for fish which do not randomly distribute or are 
not uniformly spread over the entire lake. Lagler and 
Bicker (1942) and Cooper and Lagler (1956) pointed out that 
by sampling in proportion to the abundance of fish in each 
region of the lake, unbiased samples can be obtained. If 
sampling from previous years indicates the relative size of 
the population in each region, proportionate sampling may 
prove more efficient. When these data are not available, 
random sampling over the entire lake will give unbiased es­
timates, but the variance of the estimate may be large. 
Cooper (1952) suggests that a Petersen-type estimate based 
on all the data available should be checked against another 
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estimate based on a random sample of these data. À wide 
discrepancy between the two may indicate biased sampling. 
Cooper and Schafer (1954) obtained random samples for se­
quence type sampling by selecting the trap net site and the 
direction of its lead at random. This method was also fol­
lowed by Cooper and Latta (1954) who obtained a good simi­
larity in the population estimates from one year to the 
next. 
Lewis et al. (1959) found that when estimating popula­
tions by sampling with an electric shocker, some fish, such 
as largemouth bass, showed homing tendencies. To remove any 
bias, the lake which they worked on was sampled uniformly 
with equal effort in all locations. If the entire area and 
all locations of the lake were sampled for the same time 
period and with equal efficiency, any bias due to homing 
would be removed. 
Non-random distribution of the fish can affect seri­
ously the estimates obtained when the sampling procedure is 
not random. Wohlschlag and Woodhull (1952) indicated some 
of the errors that can be made when sampling is systematic 
instead of random. 
In the 1959 season, the lake was divided into seven 
major sampling areas. Since data were not available which 
would enable the sampling of each location in proportion to 
the size of the fish population and since these proportions 
65 
changed for each species of fish, equal (time) effort was 
spent in all regions each week. 
The choice of the region to be sampled was picked at 
random without replacement for each week. Once the sampling 
of a region was started every effort was made to complete it 
during the same day. In some cases this proved to be impos­
sible, and the sampling was completed the next day. When 
two days were required to complete a location, all finclip 
recaptures taken the second day were checked closely to de­
termine if they had been clipped on the previous day; and, 
if so, those recaptures were not counted. On days when the 
water was rough and the weather was bad, some adjustments 
were made in the random schedule, however, the bias, if any, 
was considered small. Although the normal sampling period 
was one day, small samples taken on consecutive days some­
times were combined if the conditions indicated that the 
daily samples were far enough removed from each other to 
make it unlikely that a fish could be recaptured twice in 
one sampling period. 
All fish in this study were released at point of cap­
ture except the walleyes taken during spawning time which 
were marked and released at the hatchery. Cooper (1953) in 
his study transported all fish to a common release point to 
increase the chance of random distribution. This was not 
done in the study at Clear Lake for two reasons: first, it 
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would prevent obtaining any information on the natural move­
ment of the fish in the lake and, second, fish released out 
of their natural habitat have a tendency to wander more 
(Sodeheffer, 194-1), which probably would affect their sur­
vival rate. The increased movement of these marked fish 
also would cause them to be taken in nets more often than 
unmarked fish. 
The relative efficiencies of each sampling method, such 
as the trawl and the shocker, could not be determined be­
cause their efficiency varied according to the physical con­
ditions of the area sampled, as well as for each species of 
fish. Therefore, the best sampling gear available was used 
for each region or habitat within the region, and one hour 
of shocking was considered equal to one hour of trawling. 
A minimum of six hours per week was spent sampling each re­
gion. Each week the experimental gill nets were set in one 
of the seven regions around the lake. During the week that 
a region was sampled by gill nets, it was not sampled by any 
other method. The experimental gill nets were set in a dif­
ferent region each week and all regions were sampled at 
least once, but not more than twice during the summer. The 
error of comparing 24 hours of gill netting with six hours 
of another sampling method was balanced out during the sum­
mer and any bias from this source was probably insignifi­
cant. 
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POPULATION ESTIMATES AND DISTRIBUTION 
OP THE SEVEN MAJOR SPECIES OP PISH 
Walleye (Stizostedion vitreum vitreum) 
The walleye is the most sought after fish in Clear Lake 
and is considered by most sportsmen to be the best game fish 
in the lake (Di Costanzo and Ridenhour, 1957). Since few 
walleyes less than 12 inches total length are taken by an­
glers, the population estimates were confined to fish over 
this size. Cleary (194-9) pointed out that since Clear Lake 
is one of the few Iowa lakes with walleyes, the strain of 
heavy fishing may endanger the population. 
During 1958, a total of 1,157 walleyes was captured; 
1,097 of which were tagged and returned to the lake. In the 
1959 season, 1,551 walleyes were captured and 1,135 tagged 
and returned to the lake. All walleyes with the exception 
of 481 tagged at the hatchery in the spring of the year were 
released in the region in which they were captured. 
One of the basic assumptions in estimating populations 
of fish in a body of water by the mark and recovery method 
is that after marking, the fish randomly disperse throughout 
the unmarked population. The amount of dispersal can be 
shown by relating the region in which the fish were recap­
tured to the region in which the fish were marked (Tables 6, 
7, and 8). By placing these regions in order of proximity, 
the fish marked and recovered in the same region (local 
Table 6. Numbers of 1958-tagged walleyes recaptured in the various regions of 
Clear Lake, Iowa, summer of 1958. 
Region 
recovered 
(1958) 
Region tagged (1958) 
West Clausen's West Blaok Hatch- South East 
End Cove Center Rushes ery Bay Center 
West End 
Clausen's Cove 
West Center 
Black Rushes 
Hatchery 
South Bay 
Number caught 
(1958) 
Number marked 
(1958)t> 
15 
11 
166 
87 
16 
424 
391 
2 
1 
10 
3 
1 
35 
24 
a 
1 
15 
11 
11 
9 
11 
9 
aNot including 354 marked and released at the Hatchery during the spawning 
season. 
b„ Not including 126 walleyes caught in the fall, 1958. 
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Table 7. Numbers of 1958-tagged walleyes recaptured in the 
various regions of Clear Lake, summer of 1959. 
Region Region tagged (1958) 
recovered 
(1959) 
West 
End 
Clausen's 
Cove 
Black 
Rushes 
Hatch­
ery 
South 
Bay 
West End — 1 11 - -
Clausen's Cove 2 13 6 5 -
West Center - 1 1 — -
Black Rushes - 3 19 5 1 
Hatchery - 1 2 3 -
East Center - 1 1 1 -
South Bay — 5 — — 1 
recaptures) form a diagonal, making the amount of dispersion 
more apparent. Since the random sampling schedule was re­
peated each week in 1959» the mean number of days between 
samples in each region was seven. For this reason any 
walleyes recaptured within seven days after tagging were 
not used in these tables or in making population estimates. 
This allowed the fish ample time to disperse and aided in 
keeping the population estimates unbiased. 
In the 1958 season, 46 walleyes tagged in 1958 were re­
captured (Table 6). Since four of these fish were recap­
tured within seven days after tagging, they were not used in 
estimating the walleye population. Three of the four were 
Table 8. Distribution of walleyes tagged in 1959 and recovered in the various 
regions of Clear Lake, 1959. 
Region 
recovered 
(1959) 
Region tagged (1959) 
West 
End 
Clausen's 
Cove 
Blaok 
Rushes 
West 
Center 
Hatch­
ery 
South 
Bay 
East 
Center 
West End 6 6 6 — 2 - -
Clausen's Cove 2 6 1 - 2 — -
West Center - - 1 - - - -
Black Rushes 2 10 17 - 3 1 -
Hatchery - — - - 3 - -
South Bay - - 1 - 2 - -
East Center - - 2 - - - -
Number oaughta 194 307 568 40 185 131 53 
Number marked 152 198 372 38 168 99 35 
aNot including 73 taken by 3,400-foot seine in fall, 1959• 
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taken in the same region as tagged, while the fourth was 
taken in an adjacent region. The lack of a sufficient num­
ber of recaptures from regions other than the Black Rushes 
in 1958 prevented a statistical test of random distribution 
similar to that used by Schumacher and Eschmeyer (194-2). 
The high percentage of recaptures from the Black Rushes 
might indicate non-random distribution. However, during the 
1958 season most of the successful walleye sampling was done 
in the Black Rushes; and, therefore, a larger number of re­
captures from that area would be expected even if the fish 
randomly distributed after marking. 
The analysis of the walleyes tagged in 1958 and recap­
tured in 1959 (Table 7) showed that although most of the 
fish had been free in the lake for about a year during which 
time it is probable that most of them moved to spawning 
areas and dispersed again, 4-2 per cent of these walleyes 
were recaptured in the same location as originally tagged. 
The high percentage of recaptures taken in the Black Rushes 
probably was due to the following: (1) the heaviest summer 
concentration of walleyes was found in the Black Rushes 
area; and (2) about 54- per cent of the walleyes tagged in 
1958 were tagged in the Black Rushes. If these walleyes 
randomly distributed over the lake within the year, the to­
tal number of recoveries of the fish marked in 1958 in each 
region would be proportionate to the total number of walleye 
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taken in each region during 1959. A contingency table 
(Snedecor, 1956), testing if these proportions are similar 
(Table 9), gave a nonsignificant chi square, indicating that 
the walleyes did randomly distribute between the time of 
marking in 1958 and the time of recapture in 1959$ or that 
the sampling in 1959 was in proportion to the walleye dis­
tribution in the population. 
During the 1959 season, 95 walleyes tagged earlier in 
the season were recaptured. Since 19 of these were recap­
tured within seven days after the original tagging, they 
were not used in estimating the population. All but 6 of 
the 19 were taken in the location where they were tagged, 
and of these 6 only one walleye, a three-day release, was 
taken at a greater distance than an adjacent region (Baptist 
Camp to Dodge's Point). Except for one walleye, an eight-
day release, all tagged walleyes which were used in the pop­
ulation estimates had at least two weeks to disperse through­
out the lake before recapture. The recapture data for the 
remaining 74, on which the population estimates were based, 
indicated a fair dispersion before recapture (Table 8). 
Since 46 per cent of the walleyes were recaptured in 
the same location as tagged, a contingency table was set up 
to determine whether or not the proportion of recaptures 
taken from each region was similar to the proportion of wall­
eyes taken at each region (Table 9)• A highly significant 
Table 9 .  Comparison of the frequency of occurrence of the total number of 
walleye recoveries from each region with the total number of wall­
eyes caught in each region of Clear Lake, Iowa, 1959• 
Region tagged (1958) 
West Clausen's West Center- Black Hatch- South 
End Cove East Center Rushes ery Bay 
Number caught 
(1959) 194 307 93 568 185 131 
Number of 
recoveries in 
entire lake 12 24 5 28 6 4 
Chi square = 5.8 
Region tagged (1959) 
Number caught 
(1959) 194 307 93 568 185 131 
Number of 
recoveries in 
entire lake 20 11 3 33 3 3 
Chi square = 17.8 
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chi square (17.8) was obtained, indicating non-random dis­
tribution of the walleye. 
Analysis of the data, however, indicated that the West 
End data made the largest contribution to the significant 
chi square. A further analysis of the recaptures taken in 
the West End showed that 15 out of the 20 recaptures re­
ported from that region were taken after the poisoning of 
the West End in early September. Two of the walleyes which 
had moved into the West End after the poisoning came from 
the Hatchery region, four from the Clausen's Cove region and 
five from the Black Bushes region. Since four of the fish 
were local recaptures, they must have left the West End be­
fore the poisoning and returned afterward. 
It is evident that this migration of fish into the re­
gion after poisoning was not random, however, the error was 
not serious since the Schnabel estimate did not change sig­
nificantly with the addition of the data collected after the 
first week in September, 1959• If a contingency table is 
computed for all data except that obtained after the poison­
ing (Table 10), a nonsignificant chi square is obtained, 
indicating random distribution of the fish until the poison­
ing of the West End took place. Carbine and Applegate 
(1946) also found that some tagged walleyes disperse when 
released and some were recaptured later over seven miles 
away. Stroudt (1939), Eschmeyer (1950), Crowe (1955) and 
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Table 10. Comparison of the frequency of occurrence of the 
total number of walleye recoveries from each 
region with the total number of walleyes caught 
in each region of Clear Lake, Iowa, during the 
summer of 1959•a 
Region tagged (1959) 
h SH 
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to M m 
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© H O 0) ti H 2 ti o ti 
O O pq ti M CQ PQ 
Number caught 
(1959) 106 307 93 568 185 131 
Number of 
recoveries in 
entire lake 5 11 3 33 3 3 
Chi square = 8.3 
B^ased on data before poisoning. 
Eschmeyer and Crowe (1955) conducted mark and recovery stud­
ies by marking walleyes during the spawning run. In this 
way they obtained good distribution of the tags over the 
lake after spawning took place. 
The present study indicated that walleyes are capable 
of moving fair distances in short periods of time. Two 
walleyes on separate occasions transversed the distance be­
tween the Black Rushes and Dodge's Point in one day. This 
is a distance of about one mile directly across the lake. 
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One walleye (335215 ) tagged on July 7 at the Black Rushes was 
recaptured on August 28 at Dodge's Point and again on 
October 10 of the same year at Farmer's Beach. Another 
walleye (B5935) tagged in 1959 off Tanglefoot was recaptured 
in the Black Rushes and again in the West End. Rose (1949b) 
reported that one walleye in Spirit Lake, Iowa, covered five 
miles in eight hours, while Smith et al. (1952) reported one 
walleye which had covered more than 41.5 miles in 33 days. 
Walleye fishing during the summers of 1958 and 1959, 
as indicated by the percentage of tags returned (Table 11), 
took a significant part of the population. These 1958 and 
1959 estimates are low since most of the tagging in these 
years was done during the fishing season, while the tagging 
of walleye in previous years was done before the fishing 
season opened. Pish tagged later in the season do not have 
the same chance to be caught by anglers as fish tagged be­
fore the season begins. If the percentage of returns was 
computed using only the walleyes tagged before the fishing 
season in 1958 and 1959 and recaptured in the same season 
as tagged, percentages of 14.2 and 11.4 were obtained. Al­
though it was impossible to introduce a correction factor 
for this fishing mortality when using the Schnabel and 
Schumacher-Eschmeyer methods, all tags which were turned in 
by fishermen or were taken from a few dead fish found along 
the shore were subtracted from the number of tagged fish in 
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Table 11. A summary of the walleye tag returns for the 
years 1952 through 1959 in Clear Lake, Iowa. 
Year 
caught 
Tear tagged 
1952 1953 1954 1955 1956 1957 1958 1959 
1952 144 
1953 16 105 
1954 6 40 16 
1955 1 10 6 22 
1956 6 5 9 39 
1957 2 8 13 39 
1958 9 1 7 25 73 
1959 1 3 7 52 93 
Number 
marked 781 1424 167 265 525 995 1061 
Per cent 
returned 
1st year 18.4 7.4 9.6 8.3 7.5 7.3 8.8 
the lake as the summer progressed. 
Estimates of the walleye population were obtained by 
the Petersen, Schnabel, and Schumacher-Eschmeyer methods 
(Table 12). Although the percentage of marked walleyes in 
the population was less than 5 per cent in 1958 and over 
5 per cent in 1959, the Schumacher-Eschmeyer estimates are 
probably the best estimates for both years, since some sam­
pling periods in both years contained no recaptures and 
since the Schumacher-Eschmeyer estimate is not affected as 
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seriously if the marked fish do not randomly distribute. 
The 1859 Schumacher-Eschmeyer estimate was considered the 
best point estimate. Since its confidence limit included 
the 1958 estimates, the walleye population of the lake did 
not differ significantly during the study. 
During the seining done by the rough fish crew in the 
fall of 1958 all walleyes taken were checked for marks and 
were tagged if not previously marked. Of the 152 walleyes 
taken during this period, 12 were recaptures. Since 1,029 
had been marked previously and only 50 were known to have 
been removed by the fishermen, it was possible to use a 
Petersen estimate (I) based on 979 marked fish in the lake 
(Table 13). The estimate obtained - 12,400 - was similar 
to the other estimates, indicating that the other estimates 
probably were correct. The 95 per cent binomial confidence 
limits (10,900 to 16,300) also agreed with the limits ob­
tained by the other methods. 
The recapture data of walleyes marked in 1958 and re­
captured in 1959 can be used to compute a Petersen-type 
estimate if an estimate of the number of marked walleyes 
which survived the winter can be made. By subtracting the 
number of walleyes known to be removed from the lake in 1958 
(50) from the total number of walleyes marked in 1958 
(1,097), the maximum number of surviving walleyes was ob­
tained (1,047). In 1959, a total of 1,551 walleyes was 
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Table 12. A comparison of the estimates of the walleye 
population3- in Clear Lake, Iowa, in 1958 and 
1959. 
1958 1959 
Eumber of recaptures 46 74 
Total number marked^  1,029 1,135 
Schnabel 12,000 12,000 
Schumacher-Eschmeyer 11,600 12,300 
95i° Confidence limit 8,600-14,600 9,500-15,000 
W^alleyes over 12 inches. 
b 
During summer period only. 
Table 13. A comparison of the Petersen estimates of the 
walleye population in Clear Lake, Iowa, in 
1958 and 1959. 
Period to 
Code Eo. Binomial which the 
of Point Per cent confidence estimate 
estimate estimate marked limits 95$ applies5-
I 12,400 7.9 10,900-16,300 Summer, 1958 
II 18,700 5.6 13,100-20,900 Summer, 1958 
III 12,500 5.6 8,787-14,100 Spring, 1959 
Iv 11,900 13.9 10-, 406-13,900 Summer, 1959 
R^efer to text. 
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captured. Since 87 of these walleyes were tagged in 1958 
and recaptured in 1959» a maximum Petersen estimate (II) of 
18,800 was obtained. These data indicated that approximate­
ly 11 per cent of the walleyes in the lake were marked; 
therefore, binomial 95 per cent confidence limits were ap­
propriate (13,100 - 20,900). 
The above estimate does not agree with the estimates 
obtained by the other methods. The loss of tags during the 
early part of the 1958 season possibly could account for 
this large estimate since a loss of only 10 per cent of the 
tags during that season either by the mortality of the 
marked fish or by the shedding of the tag could make the 
above estimate substantially higher than the true popula­
tion. For this reason the accuracy of the estimate is 
questionable. 
Assuming that the 1959 Schnabel estimate of 12,000 was 
correct, the use of the total number of recaptures taken in 
1959 as the divisor in the Schnabel formula made it possible 
to estimate the number of walleyes which were marked in pre­
vious years and survived into the 1959 season. An estimate 
of 703 was obtained. With this value it was possible to 
compute another Petersen estimate by using the number of 
walleyes marked before the 1959 season and recovered in 1959 
(87) and the total number of walleyes caught in 1959 
(1,551). Using these data a Petersen estimate III of 12,500 
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with 95 per cent binomial limits of 8,787-14-, 100 was ob­
tained. This value refers to the estimate of the walleye 
population in the spring of 1959. 
The lack of actual tag numbers of the walleyes taken 
by the rough fish crew in the fall of 1959 prevented the use 
of these data until an estimate of the number of tagged 
walleye present in the lake at the beginning of the 1959 
sampling season was made. Using 703 as this estimate and 
adding to it the corrected number of fish tagged during the 
1959 season before the fall sampling (962), an estimate of 
the total number of tagged walleye present in the lake was 
obtained (1,665). Of the total 1,055 walleyes taken during 
this seining (excluding 220 walleyes which were taken but 
not checked for tags), 147 were recaptures. Using these 
data a Petersen estimate IV of 11,900 walleyes present in 
the lake during the summer of 1959 was obtained. 
"Whitney (1958) in his study of the walleye population 
of Clear Lake stated that his most accurate estimate was 
30,822 for the walleyes over 12 inches, indicating that the 
walleye population in 1952 and 1953 was much larger than it 
was during the 1958 and 1959 seasons. 
To determine whether or not the actual population 
changed during this time, a check was made of the corrected 
gill net catches for the periods covering 1952-1953 and 
1958-1959. The data for the 1959 gill net sets were 
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computed, in the same manner as described by Carlander et al. 
(I960). 
Assuming that the actual walleye population in Clear 
Lake during 1958 and 1959 was 12,300, the estimated popula­
tion for the 1952-1953 period can be computed by using the 
ratio of mean catches of walleyes per net day as the rela­
tionship between the two periods (Table 14). An estimate of 
31,500 walleyes for the 1952-1953 period was obtained, indi­
cating that Whitney's estimate was similar to the estimate 
expected from the present study. 
Table 14. Catch per 24-hour period of 125-foot experimental 
gill nets along the Forth Shore of Clear Lake, 
Iowa - June through August for the years 1952-
1953 and 1958-1959-
Year 
Dumber of 
net days 
Mean catch 
of walleyes 
per net day 
1952a 28.1 14.8 
1953a 11.8 12.3 
Mean 19.9 13.55 
1958a 6.0 5.4 
1959 6.0 5.1 
Mean 6.0 5.25 
aTaken from Carlander et al. (I960). 
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The estimate of 12,300 walleyes over 12 inches corre­
sponds to 3.4 walleyes per surface acre of Clear Lake. In 
Clear Lake the average weight of the walleyes over 12 
inches, as determined from the weights of 201 walleyes tak­
en by the gill nets and anglers in 1959, was 2.75 pounds, 
giving a standing crop of 9.3 pounds per acre. Rose (1949a) 
reported that Storm Lake, Iowa, supported 21 walleyes per 
acre, and Spirit Lake, Iowa, supported five walleyes per 
acre in 1947 and seven per acre in 1954 (Rose, 1949b and 
1955) • Smith and Krefting (1954) also found that signifi­
cant fluctuations in the walleye population took place in 
the Red Lakes in Minnesota. 
The sampling during the summers of 1958 and 1959 re­
vealed many interesting facts about the distribution of 
walleye. By far, the heaviest concentrations of walleyes 
were located in the rush areas of the lake, especially in 
the Black Rushes. In the Black Rushes region, two small 
gravel areas were found. These two areas were separated 
by a large patch of rushes which extended toward the center 
of the lake. Depending upon the direction of the wind, one 
area was exposed to the full force of the wind while the 
other area was partly sheltered by the point of rushes. On 
extremely windy days when the wind was blowing from a south­
erly direction, the area which received the full force of 
the wind attracted no walleye, while the sheltered area 
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attracted a large concentration of walleyes. On quiet days 
walleyes were found in "both areas. Rose (1955) found that 
in Spirit Lake, Iowa, walleyes preferred rocky reefs and 
points. He stated that he frequently took walleyes by sein­
ing along sandy, boulder-strewn beach areas away from vege­
tation. However, in Clear Lake the smaller walleyes appar­
ently preferred the dock areas while the larger walleyes 
were taken near the rush areas or near the reefs of the 
lake. 
Carlander and Cleary (1949), Sieh and Parsons (1950), 
and Raws on (1957 ) found that walleyes are more active during 
the dawn and dusk periods, apparently moving into shallower 
water at night to feed. In the present study shocking at 
night also indicated that walleyes move into shallower water 
at night. 
Gill netting at night in the present study showed that 
some adult walleyes inhabited the deeper parts of the lake 
usually remaining near the surface. However, during the day 
the trawl took 21 walleyes from the bottom of the lake, 
indicating that some walleyes spend part of the daylight 
hours in deep water near the bottom. 
Smith et al. (1952) found that in their study on Red 
Lakes in Minnesota the walleyes tended to concentrate in 
certain areas of the lake at night. Although this tendency 
was not found in the walleyes at Clear Lake, possibly 
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because of the lack of sufficient sampling at night, it was 
noticed that during the daylight hours many walleye congre­
gated near reefs or in certain areas of the rushes around 
the lake. 
Largemouth bass (Micropterus salmoides salmoides) 
The largemouth bass are considered major game fish in 
many lakes, but because of the small numbers of largemouth 
in Clear Lake, only a few ardent fishermen seek them out 
(Di Costanzo and Biderihour, 1953). 
All of the largemouth bass (101 in 1958 and 233 in 
1959) in this study were taken either by the seine of the 
rough fish crew or by the electric shocker. All the large­
mouth were taken in locations near rushes except for several 
which were taken by the electric shocker from rock piles in 
the South Bay region and in the center of the West End and 
from the area around the sewer pipe, which extends across 
the West End parallel to the Grade. In the last two loca­
tions the water was only 10 inches in depth, the bottom was 
muddy, and bass were taken every time the locations were 
sampled with the electric shocker. On seven different occa­
sions during the summer of 1959 a largemouth was taken from 
one isolated boulder (24 inches in diameter) in the center 
of the West End. Each time this area was sampled a differ­
ent largemouth was taken, which might indicate that the 
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experience with the shocker drove the fish out of the loca­
tion; however sampling in other locations did not verify 
this. 
During the sampling of the South Bay region two small 
rock piles, probably the remains of old fish shelters placed 
in the lake many years ago, yielded a fair number of large­
mouth when sampled with the electric shocker. In these two 
small areas (each of them less than 25 square feet in size) 
from two to four largemouth were usually taken during each 
sampling period. All immigrant recaptured bass taken in the 
South Bay region were taken from around these rock piles. 
Several times during the summers of 1958 and 1959, con­
centrations of largemouth were found in the rushes near 
gravel beds along the east side of the Sand Bar and in the 
rushes off lone Tree Point. In these concentrations six to 
eleven largemouth were taken in an area of approximately 10 
square yards. The bass in these concentrated areas were of 
different ages and sizes. Threinen (1956) found that in 
some lakes the different age groups of largemouth were found 
in different areas of the lake. 
In 1958, a deep channel, 20 feet wide, was dug from the 
lake at a point just east of the Black Hushes to form a boat 
docking area for the cottages located on the north side of 
lïorth Shore Drive. Sampling of this channel with the elec­
tric shocker during the 1959 season showed that many adult 
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largemouth had moved into this area and become established. 
Nine bass were taken in this area in two trips and conversa­
tion with the local fishermen indicated that fair numbers of 
bass were caught from this location during the summer of 
1959. 
During the 1958 season, 7 of the 98 largemouth bass 
marked during the summer were recaptured. All were local 
recoveries, indicating that the bass did not randomly dis­
tribute. The 1959 recovery data also indicated that most 
of the bass tagged in 1958 had not dispersed even after a 
year's time (Table 15). Cooper (1952) and Easier and Wisby 
(1958) found that when bass were released in the area in 
which they were caught, they would remain in this area of 
the lake throughout the summer. Sodeheffer (1941) indicated 
that when largemouth were released in an area other than the 
one in which they were caught, they wandered more than the 
largemouth released in the same location in which they were 
caught. He stated that the abundance of cover and the lack 
of barriers which might interfere with movement also con­
trolled the extent that the largemouth wandered in a lake. 
Schnabel and Schumacher-Eschmeyer estimates were com­
puted from the 1958 data for only the shore areas of the 
west half of the lake, excluding the Hatchery, South Bay and 
Center Lake regions (Table 16), since only two bass were 
taken and none were recovered in these three regions. The 
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Table 15. The 1959 recapture data by locations for the 
largemouth bass tagged in 1958 in Clear Lake, 
Iowa. 
Location tagged 1958a 
Location 
recovered 
(1959) 
Black 
Rushes 
East 
Sand 
Bar 
West 
End 
Lone 
Tree 
Farmer's 
Beach 
South 
Bay 
Black Hushes M - - - - -
East Sand Bar 1 1 - - 1 -
West End - - 1 — - -
Lone Tree 1 - - 1 - -
Farmer's Beach — - - - 1 -
Humber caught 
(1958) 39 11 17 27 4 2 
Slumber marked 
(1958) 36 10 17 26 2 2 
a0ne fish was marked in the Hatchery region. 
estimate included all bass over 10 inches in length. The 
1959 tagged largemouth bass apparently did disperse (Table 
17). Three largemouth which traveled the greatest distance 
were tagged at the Boy Scout Camp, Black Hushes, and 
Parmer's Beach and were recaptured at the South Bay region 
in less than seven weeks, distances of 3-1/2, 2-1/4, and 
3-1/4 miles respectively. All three of these fish were 
tagged in June and recaptured in August. Two of them were 
originally taken by the electric shocker and one by the 
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Table 16. Comparison of the population estimates of large­
mouth bass in Clear Lake, Iowa, for 1958 and 
1959. 
1958a 1959* 
Number of recaptures 7 25 
Total number marked 98 157 
Schnabel 729 854 
Schumacher-Eschmeyer 693 702 
95i° Confidence limits 323-1,063 442-962 
E^stimates only for Clausen's Cove, Black Rushes and 
West End regions. 
E^stimates for entire lake. 
3,400-foot seine. An analysis of the data collected in the 
present study failed to indicate why the bass did not dis­
perse in 1958 but did in 1959» It is possible that the de­
creasing water level in 1959 drove largemouth out of their 
home territories, causing them to seek new territories. 
Hancock (1956) and Hulse and Miller (1958) also found that 
largemouth occasionally moved considerable distances in a 
lake during the summer season. 
A statistical comparison of the proportion of the bass 
taken from each region with the number of recoveries from 
each region during the summer of 1959 (Table 18) gave a non­
significant chi square, indicating random dispersion of the 
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Table 17. The dispersion of the tagged largemouth bass in 
Clear Lake, Iowa, during 1959» 
Hegion Region tagged 1959 
recovered West Clausen's Black Hatch- South 
(1959) End Cove Rushes ery Bay 
West End 2 1 2 — -
Clausen's Cove 1 3 - - -
Black Rushes 2 1 5 - -
Hatchery - 1 — 2 -
South Bay 1 1 1 - 2 
Number caught 66 35 90 28 16 
Number marked 24 28 73 25 7 
Table 18. Comparison of the frequency of occurrence of the 
largemouth bass recoveries from each region with 
the total number of largemouth caught in each 
region of Clear Lake, Iowa, during the summer of 
1959. 
Area8, tagged (1959) 
Clausen's Cove 
West End Black Rushes 
Hatchery 
South Bay 
Total number 
caught (1959) 66 123 44 
Total number 
recovered (1959) 6 15 4 
R^egions combined to get expected number of recoveries 
of five or more. 
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"bass. 
Because of the apparent dispersal of the marked bass 
during the 1959 season, the largemouth population of the 
lake was considered a single population. The Schnabel and 
Schumacher-Eschmeyer estimates were similar to those ob­
tained in 1959. The increase in the area considered for 
1959 only slightly increased the estimates which probably 
indicates that the major part of the largemouth population 
was restricted to the three more westerly shore regions, 
while only a small population of bass inhabited the South 
Bay region and the area along the east shore. A check of 
the creel census data and the number of bass taken in these 
two locations during the sampling period also indicated a 
small population in the east shore regions. 
Using the total number of bass tagged in 1958 and re­
captured in 1959 (nine fish), the total number of bass taken 
in 1959 (192 fish), and the total number of largemouth 
tagged in 1958 (84 fish minus four taken by anglers), a 
Petersen estimate could be made of the bass present in the 
lake in the fall of 1958. An estimate of 1,700 largemouth 
with 95 per cent Poisson limits of 890-3,800 was obtained. 
Because of the small size of the sample and because this 
method depended heavily upon all fish marked in 1955 surviv­
ing into the 1959 season without exhibiting tag loss, this 
estimate was less reliable than the estimates already given. 
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The Schnabel estimate for the 1959 data (854 fish) was con­
sidered the best estimate available because the percentage 
of marked bass in the lake was not larger than 5 per cent. 
The mean weight per largemouth bass during the 1959 
season, which was computed by averaging the weights of 40 
bass taken by the shocker and anglers during the summer of 
1959, was 2.7 pounds. Therefore, the best estimate of the 
total poundage for the entire lake was 2,306 pounds, giving 
a standing crop of .63 pounds per acre for the entire lake. 
However, sampling during both the 1958 and 1959 seasons 
took bass only from the shore regions. Therefore, if a 
standing crop for these regions alone is computed, an esti­
mate of 2.2 pounds or .8 bass per acre is obtained. A com­
parison of this value with the literature (Carlander, 1955) 
indicated that this estimated standing crop of largemouth in 
Clear Lake is lower than most other estimates. Jenkins 
(1951) obtained a standing crop of .5 pounds per acre in 
Oklahoma by spot poisoning. Bennett (1951) reported in his 
studies of the standing crop of Illinois lakes that the 
pounds per acre varied from 5.7 to 26.8 pounds, depending 
upon the body of water, and Meehean (1943) in a study of 
five Florida ponds found the standing crop to vary from 3 
to 16 pounds per acre. Studies by Carbine and Applegate 
(1948) gave standing crops of largemouth as just over 5 
pounds per acre. Mark and recovery studies by Gerking 
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(1953), Cooper and Schafer (1954) and Bicker (1955) indi­
cated that the standing crop, based only on largemouth of 
catchable size, varied from 4 to 8 pounds per acre. Moyle 
and co-workers (1950) found that seining only the shore 
areas of Minnesota lakes gave standing crops of 8.5 and 9.6 
pounds of bass per acre for game fish lakes and rough fish 
lakes, respectively. 
The length of the largemouth bass taken in 1959 ranged 
from 8 inches to a maximum of 20.2 inches (Table 3). The 
average length of all largemouth bass over 12 inches was 
16.4 inches. Ten of these were 10.6 inches to 12 inches, 
and the rest were over 12 inches total length. The lack of 
smaller size bass was probably due to the poor hatches of 
largemouth during the last few years of low water. 
Black Bullhead (Ictalurus melas) 
With the use of the electric shocker and a 2,000-foot 
seine, a total of 3,573 (Table 19) bullheads was caught dur­
ing the sampling season in 1958. Due to the lack of any 
deep water sampling gear, except the experimental gill nets, 
only 163 bullheads were marked in the regions of West Center 
and East Center, which is an area comprising over 75 per 
cent of the entire lake. Of the 3,301 bullheads marked from 
the shore regions, 2,290 were released in the West End early 
in the 1958 season. These bullheads were taken by a 2,000-
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foot seine manned by the Iowa Conservation Commission rough 
fish crew. 
Although the recaptures in 1958 indicated fair disper­
sion of "bullheads (Table 20), statistical analysis of these 
data was impossible due to the small number of recaptures. 
The 1958 population estimates obtained by the Schnabel and 
Schumacher-Eschmeyer methods placed the size of the actual 
bullhead population (over 6 inches) as slightly over a quar­
ter of a million (Table 21). 
Use of the trawl to sample the deep water regions of 
the lake started in mid-June of 1959. For the first several 
weeks the trawl took a fairly small number of bullheads, but 
as the summer progressed, the catches increased which prob­
ably indicated that the bullheads moved out of the rushes 
where they had been spawning since early June and into 
deeper water. This was substantiated by a decrease in the 
number of bullheads caught in shallow water by the electric 
shocker. 
The trawl catches averaged about 90 bullheads per 10-
minute haul in the main lake during the month of July. How­
ever, during the first two weeks of August the same equip­
ment, used in the same manner, averaged only 54 bullheads 
per haul. Since no increase in the number of bullheads 
taken by the electric shocker was noticed, the fish appar­
ently did not move back into shallower water. It was 
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Table 19. lumber of bullheads captured and marked for all 
regions of Clear Lake, Iowa, in 1958 and 1959» 
West3 
End 
Black 
Rushes 
Clausen's 
Cove 
West 
Center 
Hatch­
ery 
East 
Center 
South 
Bay 
1958 
lumber 
caught 167 338 197 69 121 109 282 
lumber 
marked 163 300 180 66 117 97 262 
1959 
Humber 
caught 2,870 867 415 4,196 166 5,198 56 
lumber 
marked 1,202 847 397 4,131 161 5,133 52 
a2,290 Bullheads taken in April, 1958, not included. 
possible that the bullheads avoided the net by lying in the 
mud as suspected by Carlander and Lewis (1948) in their 
study of farm pond populations. Since the observation of 
the trawl indicated that it was functioning normally, the 
reason for the decline in catch is not known. 
After this low catch period, the catch began to in­
crease again until a maximum catch of 451 bullheads was tak­
en in a 10-minute haul on August 24 in the East Center re­
gion off Oakwood. 
The total bullhead catch taken by trawl during the sum­
mer contained no yearling bullheads, only three bullheads 
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Table 20. The 1958 recapture data by regions for the bull­
heads marked in 1958 in Clear Lake, Iowa. 
Region marked (1958) 
Recovery Left % West End and Black South 
region8- pelvic Clausen1s Cove0 Rushes Bay 
West End 
Clausen's Cove 
Black Rushes 
West Center 
South Bay 
aHatchery and East Center locations omitted because 
they lack any recaptures. 
C^lip used for 2,290 bullheads taken in spring, 1958, 
by 2,000-foot seine at the West End or on the east side of 
Mcintosh Bar. 
Q 
Regions combined because similar clip was used. 
4 to 7 inches in length, and approximately 10,000 adult 
bullheads 7 to 9 inches in length, thus indicating very poor 
recruitment of this species for the last three or four years. 
Although there was much bullhead spawning activity in the 
lake in early June, seining in July and August indicated 
that the hatch of bullhead was quite poor. It is possible 
that the receding water level early in the summer trapped 
and destroyed many of the young bullheads. When the 1,602 
adult bullheads, ranging from 6.9 to 8 inches total length, 
2 2 -
— — 1 — 
1 — — — 
3  3 - 5  
Table 21. Comparison of the population estimates of bullheads by the different 
methods for 1958 and 1959 in Clear Lake, Iowa. 
1958 1959 
Upper Point Lower Upper Point Lower 
Method limit estimate limit limit estimate limit 
Schnabel 245,800 637,000* 523,000 444,400 
Schumacher- h h 
Eschmeyer 503,900 355,200 206,500 666,700 570,800 474,900 
Petersen I 779,000° 617,600 489,600 
Petersen II 1,042,200° 526,000 290,800 
aLimit computed using equation 3.14 (Bicker, 1958). 
9^5i> Confidence limits. 
°95$ Poisson confidence limits. 
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were removed from the carp trap oil June 24, 1959, only 27 
younger bullheads, ranging in size from 2.7 to 5.7 inches 
total length, were taken (average 4.5 inches). With the ex­
ception of young-of-the-year and a few small bullheads taken 
with the trawl and from the carp trap, no bullheads less 
than 6.9 inches were taken in either summer. Only 29 bull­
heads in the 9-inch class were taken. 
A study of the gill net catches of 1958 and 1959 sup­
plied data on the behavior of the bullheads. When the gill 
nets were set in deep water, they were tied in series and 
the ends of the series were anchored. The center nets usu­
ally floated up from the bottom while the ends of the series 
rested on the bottom. More bullheads were taken in nets 
which were on or near the bottom than in the floating nets. 
This substantiated the belief that bullheads remained close 
to the bottom even in the deeper water. Carlander and 
Cleary (1949) pointed out that bullheads were more active 
during the night as indicated by experimental gill net 
catches. Sieh and Parsons (1950) stated that barometric 
changes apparently had no effect on the movements or activ­
ities of the bullheads in Clear Lake. 
Sampling with the trawl was done at random along a pre­
determined line so that no areas were sampled twice in the 
same sampling period. All sampling was done away from re­
lease points to avoid sampling fish which were just 
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released. With the trawl 13,768 bullheads were caught in 
the 1959 season. 
The amount of dispersion was shown by relating the re­
gion of recapture to the region in which the fish was marked 
(Table 22). Seemingly, the bullheads tended to spread 
throughout the lake after marking. If the bullheads random­
ly distributed after marking in 1959, the total number of 
recoveries in each region would be proportionate to the to­
tal number of bullheads taken in each region. A contingency 
table (Snedecor, 1956) set up for the 1959 data (Table 23) 
gave a nonsignificant chi square which suggests random dis­
tribution. If the efficiency of the sampling gear were the 
same in each location, however, nonsignificant values could 
be obtained from these tables even though the fish never 
moved from the region in which they were marked. The use 
of different gear in some regions and the presence of dif­
ferent types of habitat in each region probably makes the 
assumption of unequal efficiency of gear valid. 
A contingency table comparing the proportion of recap­
tured bullheads marked in 1958 with the proportion of the 
total number caught for each region in 1959 (Table 24) re­
sulted in a highly significant chi square. This indicated 
that the bullheads marked in 1958 did not randomly distrib­
ute throughout the lake after marking even after a full year 
had elapsed. However, an analysis of the 1959 recapture 
Table 22. The 1959 recapture data by regions for the bullheads marked in 1958 
and 1959 in Clear Lake, Iowa. 
Region marked 1958 
recovery West End and 
Clausen* s Cove 
Black West Hatch­ East South Special 
clip" region Rushes Center ery Center Bay 
West End 7 2 2 12 
Clausen's Cove 3 - - - - - 1 
Black Rushes 2 2 — — — — 2 
West Center 3 6 — - — 1 6 
Hatchery — - — - 1 - 1 
East Center 2 2 - 1 - 1 5 
South Bay - - - - - 2 
Region marked 1959 
West End 10 4 — 1 1 — — 
Clausen's Cove 2 2 - - — - -
Black Rushes 5 2 1 1 - — -
West Center 3 2 18 2 9 2 -
Hatchery - - — - 1 1 -
East Center 6 5 14 6 23 - -
South Bay — — — — — 2 — 
B^oth regions received same fin clip. 
C^lip given fish from West End and East Mcintosh in spring, 1958. 
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Table 23. Comparison of the frequency of occurrence of the 
total number of bullhead recoveries from each 
area with the total number of bullheads caught 
in each region of Clear Lake, Iowa, during the 
summer of 1959»a 
Area marked** 
Black Rushes 
West End Hatchery West East 
Clausen's Cove South Bay Center Center 
Total number 
caught, 1959 3,285 1,089 4,196 5,198 
Total number 
recovered, 1959 20 13 36 54 
Chi square = 6.06 
a0nly bullheads marked in 1959 considered. 
R^egions combined into areas of similar habitat to 
obtain expected number of recoveries over five. 
data for bullheads marked in 1958 (Table 22) indicated a 
good dispersion of these fish within a year's time. There­
fore, the significant chi square probably was not caused by 
nonrandom dispersion of the fish but by the nonproportionate 
sampling in 1958. The nonsignificant chi square of the 
bullheads marked in 1959 and recaptured in the same year was 
probably caused by the joint effect of the dispersion of the 
fish and the proportionate sampling. 
Forney (1955) found that in Clear Lake the bullhead 
population of the West End was separate and distinguishable 
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Table 24. Comparison of the frequency of occurrence of 
"bullhead recoveries from each region with the 
total number of bullheads caught in each region 
of Clear Lake, Iowa, during the summer of 1959•a 
Area marked13 
Black Rushes 
West End Hatchery West East 
Clausen* s Cove South Bay Center Center 
Total number 
caught, 1959 3,285 1,089 4,196 5,198 
Total number 
recovereda 28 10 19 11 
Chi square = 23.7 
a0nly bullheads marked in 1958 considered. 
b 
Regions combined into larger areas to obtain expected 
number of recaptures - five or over. 
from the bullhead population of the remainder of the lake at 
least during the summer period. His conclusions were based 
on the difference in the growth rate and length-weight rela­
tionship which existed between the bullheads in the east and 
west ends of the lake. Insufficient data were taken in the 
present study to determine whether or not the growth rate 
and pondéral indices were different among the bullheads tak­
en in the east and west ends of the lake. 
Another important assumption which is necessary in 
estimating populations by the mark and recovery technique 
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is that marking does not cause the death of the fish. A 
comparison of the number of bullheads marked in each region 
in 1959 with the total number of recaptures from those 
marked in each region (Table 25) would supply evidence as 
to whether clipping of one combination of fins was more 
harmful to the fish than clipping another combination of 
fins. The nonsignificant chi square obtained indicated that 
finclipping had the same effect on the bullheads throughout 
all the regions. Since clipping of different fins had no 
differential effect, it may be assumed, though not proved, 
that the finclipping did not cause mortality. 
A comparison of the 1958 and 1959 population estimates 
of bullheads (Table 21) indicated an increase in the bull­
head population. Even though the catch of bullheads per 
gill net hour increased slightly from 0.928 in 1958 to 
1.120 in 1959, the correct magnitude is not believed to be 
as large as that shown by the estimates. Poor sampling of 
the bullhead population in 1958 probably caused a low esti­
mate for that year. Since a Petersen (i) estimate, made 
from the 1959 recapture data and based on fish marked during 
the 1958 season, was comparable to the 1959 estimate, it is 
evident that the low population estimate in 1958 was caused 
by poor sampling. The fact that no significant recruitment 
of bullheads was believed to have taken place from the start 
of the work in 1958 until the end of the field work in 1959, 
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Table 25. Comparison of the number of bullheads marked in 
an area with the number of recaptures originally 
marked in that region, but caught over the en­
tire area of Clear Lake, in 1959. 
Area marked 
Hatchery 
West End Black West East Center 
Clausen's Covea Rushes Center South Bay 
lumber marked0 3,285 867 4,196 5,420 
Number of recov­
eries in entire 
lake (1959) 26 15 53 49 
Chi square = 6.86 
aSame mark used in both regions. 
b 
Regions grouped to obtain expected value of recap­
tures over five. 
°Bullheads marked in 1958 and 1959• 
also adds to the belief that the increase (if any) in the 
size of the bullhead population from 1958 to 1959 was not 
as large as that shown by the estimates. 
A second Petersen estimate (II) was computed from a 
sample of 1,620 bullheads taken from the carp trap on June 
24, 1959. Since all of the recaptures carried well-healed 
fin clips, the estimate was based on the 3,573 billheads 
which were marked during the 1958 season. The point esti­
mate of 526,000 was similar to the other 1959 estimates. 
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As an additional check on the actual "bullhead popula­
tion, a direct method of estimating was attempted. Although 
the trawl was classified as an 18-foot trawl, the sampling 
width probably was somewhat smaller than this due to the 
drag of the water. A setup of the trawl on dry land indi­
cated that the actual fishing width probably varied between 
14 and 18 feet. Using 16 feet as the mean width and 1,700 
feet as the length of a haul, the computed area covered for 
each 10-minute haul was .624 acres. Since the mean number 
of bullheads taken before August 1, 1959 was 90 per haul, 
an estimate of 144 bullheads per acre was obtained, which 
was similar to the best estimate obtained by the mark and 
recovery methods. The estimate of one-half million bull­
heads over 6 inches long in Clear Lake corresponded to about 
140 bullheads per acre. 
The average weight of the 235 bullheads taken during 
the summer of 1959 was .31 pound, making 43*3 pounds per 
acre the best standing crop estimate of bullheads 7 to 9 
inches total length in Clear Lake. A review of the litera­
ture (Carlander, 1955) indicated that the bullhead standing 
crop of Clear Lake was above average for this region. 
On several occasions during the summer of 1959 large 
schools of adult bullheads (between 1,000 to 2,000) were 
observed in the West Center region, swimming at the surface 
of the water with their mouths out of water. Two attempts, 
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once with the electric shocker and once with the trawl, 
failed to take these fish. When the sampling gear came 
within 50 yards of the school, it began to disperse. The 
reason for this schooling and surfacing behavior is un­
known. 
Bluegill (Lepomis macrochirus) 
Although Bailey and Harrison (1945) considered the 
bluegill one of the most abundant species in Clear Lake, 
recent studies by Di Costanzo (1957) indicated that the rel­
ative size of the population of bluegill had declined. 
Di Costanzo (1953) reported that bluegill comprised only 
3.3 per cent of the anglers' catch in 1953, but increased 
to 12.7 and 16.0 per cent in 1954 and 1955 respectively. 
This increase was caused by successful 1951 and 1952 year 
classes. As indicated by the gill net records (Table 2), 
the bluegill population over the past few years has sharply 
declined which possibly was due to mortality among the 1951 
and 1952 year classes with little replacement. During the 
1958 and 1959 sampling (Table 26), most of the bluegill 
ranged in size from 6.5 to 7.8 inches in length (Table 3). 
Ho bluegills over 8 inches were taken and only 40 bluegills 
of the 1,678 taken during both seasons ranged from 4 to 6.5 
inches long. Therefore, bias due to recruitment during the 
present study was considered negligible. 
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Table 26. Number of bluegill captured and marked in all 
regions of Clear Lake, Iowa, in 1958 and 1959• 
West Black Clausen's West Hatch- East South 
End Bushes Cove Center ery Center Bay 
1958 
Number 
caught 37 314* 153 - 35 — 80 
Humber 
marked 34 292 147 - 34 - 75 
1959 
Number 
caught 81 345 216 1 118 5 78 
Number 
marked 77 306 186 - 109 5 65 
a215 Bluegill taken in April, 1958, not included. 
Most of the bluegill captured for this study were taken 
with the electric shocker from the rush areas of the lake. 
Hone of them were taken in water over 3 feet deep. Although 
Snow et al. (I960) reported that bluegills often swim in 
close schools, this behavior was not evident in Clear Lake. 
The amount of dispersion of the bluegill can be shown 
by relating the region of recapture to the region in which 
the fish were marked (Table 27). A few bluegill moved from 
one region to the next, but apparently most of them remained 
in the same region in which they were marked, even with an 
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Table 27. The 1958 and 1959 recapture data by regions for 
the bluegills marked in 1958 and 1959 in Clear 
Lake, Iowa. 
Region 
recovered 
(1958) 
Region marked - 1958 
Special West Clausen's Black Hatch- South 
clipa End Cove Rushes ery Bay 
West End 
Clausen's Cove 
Black Rushes 
Hatchery 
South Bay 
1 1 
4 
2 1 
1 
1 
Region 
recovered 
(1959) 
West End 
Clausen's Cove 
Black Rushes 
Hatchery 
South Bay 
Region marked - 1958 
1 
2 
1 
7 
4 14 1 
1 
Region 
recovered 
(1959) 
West End 
Clausen*s Cove 
Black Rushes 
Hatchery 
South Bay 
Region marked - 1959 
1 
2 
6 
aClip given to 215 bluegills in April, 1958. 
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intervening winter period. Although the bluegill did not 
randomly disperse, it was believed that by using the shocker 
as the main sampling gear, the efficiency of sampling was 
the same in each region due to the similarity of bluegill 
habitat in each region, and the population was sampled in 
proportion to the number of fish present. 
A comparison of the number of bluegills recovered in a 
region with the number of bluegills caught in that region 
gave a nonsignificant chi square, indicating that a propor­
tionate number of recaptures was obtained from each region 
(Table 28). A chi square analysis was not possible for the 
1958 data since combining data from similar regions failed 
to give expected number of recaptures over five. 
Table 28. Comparison of the number of bluegills marked in 
a region with the number of recaptures obtained 
from that region in Clear Lake, Iowa, during 
the summer of 1959. 
Region marked - 1959 
West End a Hatchery Black 
Clausen's Cove South Bay Rushes 
Number marked 
(1959) 297 196 345 
Number recovered 
(1959) 12 10 6 
Chi square = 4.2 
R^egions combined to obtain expected value of recov­
eries over five. 
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Another "basic assumption which must be satisfied if the 
population estimates are to be unbiased is that the differ­
ent marks do not cause a differential mortality. A compari­
son of the number of bluegill marked in each region in 1959 
with the total number of recaptures of those marked in each 
region (Table 29) would indicate whether clipping one com­
bination of fins caused greater mortality of the bluegill 
than clipping another combination of fins. The nonsignifi­
cant chi square obtained indicated that finclipping had no 
differential mortality effect as far as could be determined. 
The population estimates obtained by the different 
methods indicated that the bluegill population dropped be­
tween the summers of 1958 and 1959 (Table 30). The gill net 
catch per hour (Table 2) also indicated a decrease in the 
population during this period. 
Even though the percentage of marked bluegill vas below 
5 per cent of the estimated total population, the Schumacher-
Eschmeyer estimate for both years was believed to be the 
best estimate since the nonrandom distribution of the blue­
gills and the lack of recaptures in some sampling periods 
would bias this estimate the least. 
During the summer of 1959 about 200 bluegills were 
measured and weighed. The mean length of these bluegills 
(over 6 inches) was 7.2 inches and the mean weight was .26 
pound per fish. Since the bluegills were restricted almost 
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Table 29. Comparison of the number of bluegill marked in a 
region with the number of recaptures originally 
marked in that region, but caught over the entire 
area of Clear Lake, Iowa, for 1958 and 1959• 
Region marked (1958 and 1959) 
Special West Clausen1s Black Hatch- South 
clip End Cove Rushes ery Bay 
Number caught 215 117 369 659 153 159 
Number recov­
ered over 
entire lake 5 9 24 28 8 8 
Chi square = 7.9 
completely to the rush areas of the lake, the true standing 
crop per acre was based only on the shore regions which were 
considered suitable habitat for bluegills. When this was 
done, standing crops of 5.3 and 3.3 pounds per acre were ob­
tained for 1958 and 1959 respectively. A comparison of 
these standing crops with the literature (Carlander, 1955) 
indicated that the population of bluegills in Clear Lake was 
lower than average for this region. 
Table 30. Comparison of the population estimates for bluegills in Clear Lake, 
Iowa, for 1958 and 1959• 
1958 1959 
Upper Point Lower Upper Point Lower 
Method limit estimate Limit limit estimate limit 
Schnabel 15,005 10,860 
Schumacher-
Esohmeyer 25,852* 16,962 8,072 13,903 10,565 7,227 
Petersen 9,700b 13,700 20,000 
a95Confidence limits. 
9^5io Poisson confidence limits. 
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Black Crappie (Pomoxis nigromaculatus ) 
The black crappie was considered by Bailey and Harrison 
( 194-5) to be one of the four most abundant species of fish 
in Clear Lake, providing sport for the anglers in the spring. 
Brickson (1952) stated that in his studies the black crap-
pies apparently were more abundant in Clear Lake than the 
white crappie. 
During the summers of 1958 and 1959, respectively, 164-
and 528 black crappie s were taken by various sampling meth­
ods (Table 31). Since only one local recapture was taken 
during the summer of 1958, no information on the dispersion 
of marked black crappies was obtained. However, the dis­
tribution of the 1959 recaptures indicated a fair dispersion 
of the marked fish (Table 32). 
The regeneration of clipped fins of this species was 
extremely slow and incomplete to a point where during the 
1959 season it was impossible to distinguish the year in 
which a fish was marked. Since data on the number of marked 
black crappies which survived the 1958 season were not 
available, an accurate population estimate could not be ob­
tained. By assuming that no black crappies marked in 1958 
survived into 1959, and all recaptures taken in 1959 were 
marked in the 1959 season, a minimum estimate of 7,000 was 
obtained. By assuming that all black crappies marked in 
1958 survived into 1959, and the recaptures in 1959 
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Table 31• Number of black crappie captured and marked for 
all regions of Clear Lake, Iowa, in 1958 and 
1959. 
West Black Clausen's West Hatch- East South 
End Rushes Cove Center ery Center Bay 
1958 
Number 
caught 5 122 21 7 1 3 5 
Number 
marked 3 110 18 6 1 3 5 
1959 
Number 
caught 117 277 53 32 7 36 6 
Number 
marked 108 263 51 30 6 34 5 
Table 32. The 1959 recapture data by regions for the black 
crappie in Clear Lake, Iowa. 
Region 
recovered 
West 
End 
Region marked 
Black 
Rushes 
Clausen's 
Cove 
South 
Bay 
West End 5 
Black Rushes 3 
Clausen's Cove 1 
South Bay 
1 
5 
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represented fish, marked in both years, a maximum estimate of 
11,800 was obtained. Therefore, the best point estimate 
probably would be the average of these two values or 9,4-00 
black crappies, giving a standing crop of about 2.6 black 
crappies (over 6 inches in length) per acre. 
The average length of black crappies taken in 1959, 
computed from measurements of 4-0 fish, was 8.4- inches total 
length, and their average weight was .319 pound per fish. 
Therefore, the best estimate of the standing crop for black 
crappies over 6 inches in length was .8 pound per acre. 
This estimate is similar to some of those obtained by Cooper 
(1952) and Cooper and Schafer (1954-) who reported estimates 
of .7 pound per acre and .34- pound per acre, respectively. 
Both of these standing crops also were based only on catch-
able size black crappie. 
The sampling for black crappies during both summers 
indicated that the subadults, as well as the adults, prefer 
weedy areas. Most of the black crappies were taken from the 
rush areas of Clear Lake although the gill nets did sample 
some from the center of the lake. Carlander and Cleary 
(194-9) found that black crappies did not exhibit any in­
crease or decrease in activity due to the hour of the day. 
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White Crappie (Pomoxis annularis) 
Bailey and Harrison (194-5) indicated that Clear Lake 
is not a typical white crappie lake. Although they stated 
that the white crappies probably do not spawn in the lake, 
later workers have found small numbers of white crappie 
fingerlings in the lake, indicating that some natural re­
production does take place. Erickson (1952) was able to 
take only 44- white crappies in three years of sampling 
(1948 to 1950), and only eight of these fish were past their 
second winter of life. During the summers of 1958 and 1959 
a total of 803 white crappies over 6 inches was taken 
(Table 33) with an average size of 7.7 inches total length. 
The slow and incomplete growth of the clipped fins was simi­
lar to that of the black crappie, making it difficult to de­
termine the year in which the recaptures originally were 
marked. During the 1958 season two local recaptures were 
taken from the Black Rushes and Clausen's Cove regions and 
two white crappies, marked in the West End, were later re­
captured in the Black Rushes. The 1959 recapture data in­
dicated a fair dispersal of marked white crappies (Table 
34). Miller (1951) also found that white crappies tended 
to move around the lake. Thompson (1933) found that both 
lake and stream white crappies in Illinois were capable of 
covering about two-tenths of a mile per day. 
Maximum and minimum Schnabel estimates similar to 
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Table 33. ÎTumber of white crappie captured and marked for 
all regions of Clear Lake, Iowa, in 1958 and 
1959. 
West 
End 
Black 
Rushes 
Clausen's West 
Cove Center 
Hatch- East 
ery Center 
South 
Bay 
1958 
Number 
caught 11 34 42 22 6 10 121 
Number 
marked 5 24 32 8 4 7 81 
1959 
Number 
caught 40 170 106 142 12 47 40 
Number 
marked 26 106 91 91 10 36 31 
Table 34. The 1959 recapture data by regions for the 
crappie in Clear Lake, Iowa. 
white 
Region marked3, (1959) 
Region 
recovered 
West 
End 
Black 
Rushes 
Clausen's 
Cove 
East 
Center 
West End 2 - - -
Black Rushes 1 3 - -
Clausen* s Cove 2 1 3 -
Hatchery - 1 - -
West Center - - - 1 
Number caught 
(1959) 40 170 106 47 
T^otals of 12, 40, and 142 were caught from Hatchery, 
South Bay, and West Center, respectively. 
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those made for the "black crappies were 15,000 and 7,500, 
respectively. The average of these two values is 11,300. 
As the recaptured white crappie were examined, the suspected 
year that the fish was marked was recorded. If only those 
recaptures which were "believed to "be marked in 1959 were 
used to compute a Schnabel estimate, a population estimate 
of 10,900 was obtained, which is similar to the mean value 
computed above. Therefore, the standing crop was 2.75 white 
crappies per acre. Since the mean weight of 102 white crap­
pies taken during the summer of 1959 was .218 pound, the 
standing crop was .60 pound per acre for white crappies over 
6 inches in length. The comparison of this value with those 
found in the literature (Carlander, 1955) indicated that the 
standing crop was low. However, since all previous studies 
have reported the total standing crop, not just the standing 
crop of the catchable size fish, the estimates obtained in 
this study would not be unreasonable. 
Hancock (1954) indicated that white crappies tended to 
move around the lake in large schools. This tendency was 
noticed in Clear lake when gill nets which were not catching 
any crappies at all suddenly took from 4 to 12 crappies, 
indicating that a school had entered the net. Hancock also 
found that white crappies tended to move more at night; how­
ever, Carlander and Cieary (1949) found that the activity of 
crappies in Clear Lake was not associated with the hour of 
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the day. The sampling during 1958 and 1959 indicated that 
the white crappies in Clear Lake preferred the rush areas, 
but Roach (1942) pointed out that in Buckeye Lake, Ohio, the 
white crappies normally inhabited open water, while the 
black crappies always remained near abundant vegetation. 
Hall et al. (1954) stated that white crappies were able to 
do well in either clear or turbid water, while black crap­
pies usually grow well only in clear vater. 
Yellow Bass (Roceus mississippiensis) 
The yellow bass probably were introduced into Clear 
Lake with the mixed stocking of fish obtained from salvage 
operations along the Mississippi River, and first appeared 
in the anglers' catch in 1932 (Bailey and Harrison, 1945). 
During the first few years after the species became estab­
lished, yellow bass weighing over one pound provided excel­
lent fishing in the lake. Lewis and Carlander (1948) indi­
cated that by 1947 the growth rate of the yellow bass had 
decreased and the fish were generally in poorer condition. 
Carlander et al. (1952) also pointed out that the yellow 
bass population was increasing and the fish were showing 
even slower growth by 1950. Di Costanzo and Ridenhour 
(1957) reported a large mortality of yellow bass in the fall 
of 1955; and because of this, the anglers' catch of yellow 
bass in 1956 was only one-tenth of what it had been during 
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the previous year. Since 1955 the yellow bass fishing in 
the lake has been poor, probably due to the small average 
size of the fish. 
During the sampling in 1958 and 1959 (Table 35) only 
one yellow bass over 9 inches in length was taken and very 
few attained even 8 inches total length. The average total 
length computed from 500 randomly picked yellow bass, meas­
ured during the summer of 1959, was 6.9 inches. Although 
the lower size limit of the yellow bass which were included 
in the population study was set at 6 inches, the limit had 
to be increased as the summer progressed. Since it was pos­
sible to separate the age groups by size alone, the lower 
limit could be moved as the fish grew during the summers 
(Table 5). Eo attempt was made to carry the size limit over 
the winter of 1958-1959, and the size limit was again placed 
at 6 inches in the spring of 1959. For this reason the pop­
ulation estimates for 1958 and 1959 were based on different 
populations of yellow bass, but the difference in the size 
of the population was not considered to be large. 
Since only 26 recaptures were taken in 1958, a statis­
tical test of the amount of dispersion could not be computed. 
In 1958 only one yellow bass was recaptured outside of the 
region marked, indicating nonrandom distribution. The 1959 
recapture data of yellow bass marked in 1958 and 1959 indi­
cated very little distribution of marked fish (Table 36). 
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Table 35» Number of yellow bass captured and marked in all 
regions of Clear Lake, Iowa, in 1958 and 1959. 
West Black Clausen1s West Hatch- East South 
End Rushes Cove Center ery Center Bay 
1958 
Number a 
caught 277 644 750 253 315 602 566 
Number 
marked 158 384 505 140 214 206 329 
1959 
Number 
caught 1,072 828 544 429 381 418 856 
Number 
marked 786 703 467 204 314 218 583 
al,977 Yellow bass marked in April, 1958, not included. 
A statistical comparison of the number of yellow bass 
marked in 1958 and recaptured in 1959 (Table 37) indicated 
that the yellow bass did distribute within a year after 
marking. A similar comparison of the number of yellow bass 
marked in 1959 and recaptured in the same year (Table 38) 
gave a significant chi square, indicating that either the 
yellow bass did not distribute after marking or the sampling 
was not in proportion to the population present in each 
region. 
A comparison of the population estimates obtained from 
the 1958 and 1959 data (Table 39) indicated a drop in the 
Table 36. The 1959 recapture data by regions for the yellow base marked in 
1953 and 1959 in Clear Lake, Iowa. 
Region Region marked (1958) 
recovered West Black West Clausen1s Hatch- East South 
(1959) End Rushes Center Cove ery Center Bay 
West End 4- - - - - - -
Black Rushes 16 1 -
West Center - - - - - -
Clausen's Cove - - - 3 - - 1 
Hatchery - - 4 
East Center - - - - - 1 
South Bay 1 - 4 
Region marked (1959) 
West End 5 - -
Black Rushes — 10 — — ~ — — 
West Center - - - - - -
C1ausen's Cove — — — 9 — — 
Hatchery - -71 1 
East Center - - - 1 -
South Bay - - 1 
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Table 37. Comparison of the proportion of yellow bass 
marked in 1958 with the proportion of yellow 
bass recaptured from each region in 1959• 
Region marked8- - 1958 
West Black Rushes West Center Hatchery 
End Clausen's Cove East Center South Bay 
Dumber 
caught 
(1959) 1,072 1,372 847 1,237 
Number 
recovered 
(1959) 4 12 1 10 
Chi square = 6.7 
R^egions combined to obtain expected number of recap­
tures over five. 
true population of yellow bass in the lake. However, the 
gill net catch per hour (Table 2) showed no evidence of pop­
ulation decline between these two years. Although the gill 
net catches did not show a decline in the population, only 
4,428 yellow bass (over 6 inches in length) were taken by 
all sampling methods in 1959 compared to 5,384 taken in 
1958. Since more sampling was done per week and the sam­
pling season was longer in 1959, there probably was a defi­
nite decrease in the abundance of yellow bass over 6 inches. 
This change was not indicated by the gill nets since about 
60 per cent of the catch in 1959 was made up of yellow bass 
less than 6 inches in length, while in 1958 only 42 per cent 
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Table 38. Comparison of the proportion of yellow bass 
marked in 1959 with the proportion of yellow 
bass recaptured from each region in 1959» 
Region marked5 - 1959 
West Black Rushes East Center Hatchery 
End Clausen*s Cove West Center South Bay 
Number 
caught 
(1959) 1,072 1,372 847 1,237 
Number 
recovered 
(1959) 5 19 1 10 
Chi square = 12.4** 
(** highly significant) 
R^egions combined to obtain expected number of recap­
tures over five. 
of the catch per gill net hour was less than 6 inches. 
Therefore, although the catch per gill net hour was similar 
for both years, the gill nets took fewer yellow bass over 6 
inches in 1959» indicating a decrease in the yellow bass 
population over 6 inches. 
A Petersen estimate (I) based on the number of fish 
marked in 1958 and recaptured in 1959 gave a point estimate 
of 668,203. This was similar to the 1958 estimate. How­
ever, when an estimate is made by this method, it is neces­
sary to assume that all fish marked in 1958 were alive in 
the spring of 1959* Any significant mortality of the marked 
Table 39» A comparison of the population estimates of the yellow bass in 
Olear Lake, Iowa, in 1958 and 1959• 
1958 1959 
Uppera 
Method limit 
Point 
estimate 
Lower 
limit & Point estimate Lower limit 
Schnabel 74-7,000 168,000 
Schumacher-
Bschmeyer 1,133,000 684,000 236,000 294-, 000 207,000 121,000 
Petersen (1)^  1,006,900° 668,000 463,000 
(II)* 999,000 320,000 137,000 
a95i» Confidence limits. 
bBased on fish marked in 1958, recovered in 1959• 
°95fo Poisson confidence limits. 
B^ased on rotenone sample, 1959. 
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fish would give an estimate which was biased by overestimat­
ing the true population. A second Petersen estimate was 
based on the 687 yellow bass taken with rotenone from the 
West End. Five of these yellow bass were finclipped, giving 
a Petersen point population estimate of 319*730 fish. If a 
standing crop estimate is computed using the 1959 Schumacher-
Eschmeyer estimate, a value of 7.8 pounds per acre is ob­
tained, which is similar to that found in the literature 
(Carlander, 1955). However, since the yellow bass did not 
randomly distribute after marking and evidence is available 
that the sampling was not in proportion to the size of the 
population of fish in each region, the estimates obtained 
for 1958 and 1959 are not reliable. 
Although this study indicated that the movement of yel­
low bass in Clear Lake was not random, several studies have 
shown that yellow bass do disperse in some circumstances. 
Carter (1958) found that yellow bass in lakes tended to re­
main in the same area marked, while yellow bass living in a 
river habitat tended to move great distances. The average 
number of miles of movement for all yellow bass recaptures 
in the river habitat was 16.4- miles. Carlander and Cleary 
(194-9) found in their studies at Clear Lake that the yellow 
bass moved into shallower water at night. They also found 
that in deeper water the yellow bass were more active from 
8 p.m. to 2 a.m. and from 8 a.m. to 4- p.m. 
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The schooling of the yellow bass may have been one of 
the reasons why sampling in proportion to the population 
present was not accomplished. If large schools of yellow 
bass were restricted to the center of the lake where only 
the gill nets and the trawl were capable of sampling them, 
then serious bias could result. Although the gill nets and 
the trawl took fair numbers of yellow bass, only a small 
percentage of these were in good enough condition for mark­
ing. This would cause a low ratio of marked to unmarked 
yellow bass in the center of the lake. 
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HOTES OU OTHER SPECIES OP FISH FOR WHICH 
POPULATION ESTIMATES COULD NOT BE MADE 
DUE TO INSUFFICIENT RECAPTURES 
Northern Pike (Esox lucius) 
The northern pike was the largest predatory species of 
fish in Clear Lake and for this reason was an important fac­
tor in predato-prey relationships of the lake (Ridenhour, 
1957). Bailey and Harrison (194-5) stated that the natural 
reproduction was sufficient for this species to maintain 
itself. Since then, however, the main spawning ground, the 
Ventura Marsh, has been isolated from the main part of the 
lake by a road grade and carp trap; and for the last few 
years the low water level has prevented any natural repro­
duction of this species in the lake. 
Although Di Costanzo and Ridenhour (1957) reported good 
catches of northerns from 1951 to 1956, the catches have 
dropped steadily. The catch per gill net hour of northerns 
also indicated a decrease in population since 1953. 
Ridenhour (1957) estimated that 7,372 and 1,015 northern 
pike were caught by anglers in Clear Lake during 1954- and 
1955, respectively, following the stocking of 15,000 finger-
lings in 1953. Only 19 and 9 northerns were reported as 
taken by anglers to the Chamber of Commerce in 1958 and 1959 
respectively. Because most northerns which are taken are 
large and of interest to many people, it is believed that 
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most of the northerns caught were reported. The largest 
northern taken during these two years weighed 12-3/4 pounds. 
Only 10 northerns in 1958 and 54 in 1959 were taken by 
the sampling equipment (Table 40). In addition, 21 north­
erns which were brought from the Mississippi River were 
tagged and released into the lake. Ho tagged northern pike 
were recaptured. Of the 34 northerns taken during the sum­
mer of 1959 all but seven were taken near the rush areas. 
These seven were taken from locations far removed from any 
emergent vegetation although in most cases small patches of 
Potamogeton spp. were nearby. Two were taken from the 
Island, and one each from Dodge's Point, Oakwood, Outlet, 
and the Hatchery. One also was taken by a gill net from the 
center of the East End. Eidenhour (1957) pointed out that 
although the northern pike population was concentrated in 
the emergent vegetation, some northerns were distributed 
over the lake. Carlander and Eidenhour (1955) found that 
tagged northerns released as late fall young-of-the-year 
dispersed over the entire lake. Carbine (1942) in his work 
on Houghton lake, Michigan, found that after spawning the 
northerns spread out over the lake. Carlander and Cleary 
(1949) reported that the northerns were more active and 
moved more during the day, while Easier and Yillemonte 
(1953) reported that northerns were more active and fed at 
night. 
Table 40. The number of minor species of fish taken from each region of Clear 
Lake in 1958 and 1959• 
Species 
West Black Clausen's West Hatch- East South 
Year End Rushes Cove Center ery Center Bay 
Northern pike 
White bass 
Yellow perch 
Channel cat 
Common sucker 
1958 
1959 
1958 
1959 
1958 
1959 
1958 
1959 
1958 
1959 
2 
5 
16 
7 
37 
9 
12 
4 
12 
34 
34 
42 
26 
20 
4 
3 
13 
26 
25 
21 
11 
9 
1 
5 
18 
4 
7 
14 
2 
2 
1 
1 
2 
4 
2 
3 
20 
15 
170 
5 
6 
1 
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White Bass (Roccus chrysops) 
In 1894 a total of 10,000 white bass was introduced 
into Clear Lake. Since this was the only planting record of 
this species in the lake, it was believed that the white 
bass established themselves from this start (Bailey and 
Harrison, 1945). Lewis (1950) pointed out that the white 
bass population during the 1940's appeared to fluctuate. 
Grill net catches since 1953 indicate that white bass are not 
very abundant in the lake. 
In the 1958 and 1959 sampling seasons, 63 and 103 white 
bass were taken (Table 40). The mean size of fish over 6 
inches in length (based on measurements of 50 fish) was 10.3 
inches, and the mean weight of these fish was .55 pound. 
The largest white bass captured was 14 inches in length. 
Although none of the white bass tagged in 1,958 were re­
covered in the same year, three of them were recaptured in 
October of the 1959 season in Clausen's Cove. These recap­
tures originally were tagged in June$ 1958 at Lone Tree, 
Bast Mcintosh, and Farmer's Beach. Only three of the white 
bass tagged in 1959 were recovered. One tagged at Lone Tree 
was recaptured at Farmer's Beach seven days later; one 
tagged at Fishermen's Point was recaptured two months later 
at the Big Reef; and one tagged at the State Park was re­
captured 43 days later in the Black Rushes. 
Wickliff (1931) reported that the white bass in 
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Buckeye Lake, Ohio traveled over eight miles in one month. 
Hancock (1954) also found that white bass moved about con­
siderably, and in a later paper (1956) indicated that they 
moved in large schools. In Wisconsin, Hasler et al. (1958) 
showed that white bass were able to direct their movements 
in open water using the sun's position as a guide. 
Grill net catches at Clear Lake also indicated that 
white bass moved in schools. During one 2-hour period when 
the gill nets were set at the east side of the Sand Bar, a 
total of 14 white bass was taken in less than three hours 
and six others were taken shortly afterwards. However, for 
the remainder of the time the nets were set at the Sand Bar, 
no other white bass were taken. Very rarely was a single 
white bass taken in the net. 
Eoach (1942) and Bailey and Harrison (1945) pointed out 
that the white bass preferred the deeper sections of the 
lake during the day, and came into the sand and gravel lit­
toral zones at night to feed. This may explain the low 
catch of white bass taken by the electric shocker. Only 
once in a gravel area off Oakwood did the electric shocker 
take more than one or two white bass at a time. Two of the 
seven white bass taken at Oakwood never revived, indicating 
that the shocker may cause significant mortality of the 
white bass. 
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Yellow Perch (Perca flavescens) 
Although Meek (1892) and Bailey and Harrison (194-5) 
found a large population of yellow perch in Clear Lake, many 
of the present anglers do not realize that there are any 
yellow perch in the lake. Bailey and Harrison pointed out 
that because of excellent natural reproduction, stocking was 
not necessary. Parsons (1950) found that the growth rate of 
the yellow perch declined steadily from 194-1 to 194-9, af­
fecting the younger fish first. The catch per gill net hour 
(Table 2) has dropped steadily for the past seven years. 
During the summer of 1958, only 258 yellow perch over 
5 inches long were taken. A more intensive effort to take 
yellow perch in 1959 yielded only 66. One local recapture 
was taken in 1959» During both seasons the maximum size of 
the yellow perch sampled was 6.5 inches total length. The 
sampling indicated that the yellow perch population was 
restricted to the rush areas of the lake. Mraz (1952) in 
his study in Lake Michigan found that yellow perch which had 
been marked by finclipping did not disperse as well as yel­
low perch which had been tagged. He felt that the loss of 
a fin made it difficult for the fish to swim. 
Scott (1955) found that yellow perch are inactive at 
night, reaching peaks of activity during sunset and sunrise. 
Since the yellow perch entered the net from both sides dur­
ing these periods, he concluded that the movement of the 
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yellow perch was random in nature and not due to migration 
of the fish. In contrast to this, Easier and Bardach (194-9) 
found that in Lake Mendota, Wisconsin, the yellow perch fol­
lowed regular migratory routes and apparently congregated in 
specific locations during the sunset hours of the summer. 
Carlander and Cleary (194-9) pointed out that in Clear Lake 
the yellow perch were more active during the day than at 
night. 
Smallmouth Bass (Micropterus dolomieui) 
Clear Lake is not well suited for smallmouth bass since 
these fish prefer cool, clear water, but a small population 
maintains itself. Only one smallmouth in 1958 and four in 
1959 were taken by sampling equipment. All five of these 
fish were taken from the rocky beaches located on the east 
shore of the lake. One of the fish was 8 inches long, two 
were about 9 inches long and two were just over 14 inches 
long. One of the tagged, 14-inch bass was caught by an 
angler and reported to the Chamber of Commerce. 
Channel Catfish (Ictalurus punctatus) 
Five channel cat were taken in 1958 and 73 in 1959. 
Two hauls of the 3,400-foot seine in the West End took 12 
and 10 fish with a mean weight of approximately 15 pounds. 
A third group of 13 smaller channel cat (2 to 3 pounds) was 
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taken "by an experimental gill net set off the hatchery. The 
remaining 38 were taken in all regions "by gill nets and the 
electric shocker, but no more than one or two were taken in 
a sampling period. The Clear Lake Chamber of Commerce re­
corded 26 and 19 channel catfish caught by anglers during 
the summers of 1958 and 1959» respectively. The largest one 
taken on hook and line was 16 pounds. More channel cat 
would be taken, however, if people realized that they were 
present in the lake and fished specifically for catfish. 
Several of the local people were able to take channel cat 
throughout the summers of 1958 and 1959. 
Only one local recapture (B6000) was taken in the Vest 
End in 1959• This channel cat was captured, tagged, and 
then recaptured nine days later by the 5,400-foot seine of 
the rough fish crew. 
Flathead Catfish (Pylodictus olivaris) 
Bailey and Harrison (1945) stated that only one flat-
head catfish on record had been found in Clear Lake. This 
was a 33-pound fish found dead on the north shore. In 1959, 
however, a 45-pound flathead was taken off Garner Beach with 
a 500-foot survey seine. The fish was displayed in Des 
Moines at the State Fair, and later was released back into 
the lake. These fish probably were introduced into the lake 
and did not represent an established population. 
136 
Yellow Bullhead (Ictalurus natalis) 
The population of yellow bullhead in Clear Lake must 
be quite small since no yellow bullheads were taken in a 
total catch of over 10,000 black bullheads, which were cap­
tured by trawl in 1959• Only two fish, one taken by bag 
seine off the Sand Bar and one taken by the electric shocker 
in South Bay, were seen during the two years of sampling. 
Both fish measured over 10 inches in length and were in good 
condition. Some young-of-the-year yellow bullheads were 
taken in both the 1958 and 1959 seasons by the use of a bag 
seine, indicating that some natural reproduction does take 
place in the lake. 
Common White Sucker (Catostomus commersoni) 
During the 1958 and 1959 sampling period only 4-6 and 
19 suckers (Table 40) over 12 inches were taken, respective­
ly. In 1958, only 3 suckers were recaptured; two of them 
marked at the Sand Bar were recovered in the Black Hushes 
and one marked at East Mcintosh was recovered at Lone Tree, 
indicating only minor movement of these fish. In 1959, 
four suckers were recaptured; one marked in the Black Rushes 
was recaptured in the West End, one marked in the East 
Center region also was recaptured in the West End, and two 
were local recaptures. Since so few fish were encountered 
in the lake, it was assumed that the population was quite 
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small. 
Miscellaneous Pishes 
Since all carp (Cyprinus carpio) which were taken were 
destroyed or removed from the lake, it was impossible to 
estimate the size of the carp population. Age and growth 
studies by English (1952) indicated that the carp population 
in Clear Lake was composed of two subpopulations, especially 
during the summer. 
A study conducted on the forage minnows of the lake 
indicated that in 1956 and 1957 the minnows made up only 4.7 
and 8.5 per cent of the forage size fish in the lake 
(McCann, 1959)• Of the minnows in the lake, the spottail 
shiner (XTotropis hudsonius) comprised 57.9 and 24.5 per cent 
of the total number of minnows taken by bag seine in 1956 
and 1957. 
•The remaining species of fish in the lake, such as 
buffalo (Ictiobus cyprinellus), quillback (Carpiodes 
cyprinus), redhorse (Moxostoma aureolum), madtom (Hoturus 
gyrinus), green sunfish (Lepomis cyanellus) and pumpkinseed 
(Lepomis gibbosus) were of little importance since the pop­
ulations of these fish were small and of no significance as 
far as fishing was concerned. 
Although some pumpkinseed are taken by anglers, 
Di Costanzo (1957) indicated that very few pumpkinseed 
reached 6 inches total length, with the majority never 
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attaining 4 inches in length. In Clear Lake, the only place 
pumpkinseed were taken during the present study was from 
water 6 to 9 inches deep in the center of the Black Hushes, 
and in large clumps of rushes along West Mcintosh. Ho pump­
kinseed over 4 inches were seen during the summers of 1958 
and 1959 and usually groups of 40 to 50 were taken in an 
area of 10 square yards. 
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COMPARISON OF ANGLERS' CATCH WITH POPULATION ESTIMATES 
In 1955 a systematic creel census provided an estimate 
of the angler harvest in Clear Lake (Di Costanzo and 
Ridenhour, 1951). The estimated yellow bass, crappie, and 
bluegill populations for 1959 were smaller than the esti­
mated angler catches in 1955, suggesting errors in the esti­
mates or pronounced changes in the population (Table 41). 
As discussed previously, a heavy mortality of yellow 
bass in the fall of 1955 eliminated most of the older fish 
from the population and the anglers' harvest was only about 
one-tenth as large in 1956 (Di Costanzo and Ridenhour, 
1957). Most of the 1955 catch was composed of yellow bass 
from the 1949 and 1952 year classes. The 1950 and 1951 year 
classes were missing from the population (Buchholz, 1958). 
Since even the 1952 year class averaged over 7 inches total 
length in 1955, the average yellow bass in 1955 was larger 
than most of the yellow bass taken in 1958 and 1959. The 
gill net catches of yellow bass have increased since 1955 
but as previously pointed out, 60 per cent of the 1959 gill 
net catch consisted of fish under 6 inches long and thus not 
included in the population estimates. 
Di Costanzo (1957) reported that the 1951 and 1952 year 
classes of bluegill were very abundant, while the 1953 year 
class was small. These abundant year classes provided good 
fishing and a large population of catchable size bluegills 
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during 1955 and 1956, which probably had completely disap­
peared by 1959. The gill net catches (Table 2) indicated 
a slow increase in the catchable-size bluegill up through 
1957 and then a rapid decline in 1958 and 1959» The popu­
lation estimates for 1958 and 1959 also indicated a signif­
icant decrease in the population of the bluegill between 
these two years. 
The gill net catches (Table 2) indicated that the black 
crappie population has decreased since 1955, while the white 
crappie data did not indicate any definite trend either up 
or down. Di Costanzo (1956) pointed out that practically 
all of the crappies caught in 1955 were black crappies. 
From the sampling in the present study, the abundance of 
black crappies and white crappies was considered equal. 
This must mean either a large decrease in the number of 
black crappies or a large increase in the number of white 
crappies. A downward trend in the black crappie population 
was previously noticed in the gill net data. 
The anglers' catch of walleye in 1955 was lower than 
the population estimate in 1959• If the population was the 
same in both years, however, the percentage of removal would 
be high (31 per cent) when compared to the fishing mortality 
estimates obtained from the tag returns. As pointed out 
previously, the population of walleye in 1952 and 1953 was 
considerably larger than in 1959, and the larger anglers' 
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Table 41. Comparison of the 1955 anglers' harvest with the 
best 1959 population estimates of five species 
of fish in Clear Lake, Iowa. 
Species 
1955 Angler harvest8, 
(April 17 to September 5) 
1959 population 
estimates 
Yellow bass 269,500 207,000 
Bullhead 229,600 570,000 
Walleye 3,870 12,300 
Crappie 38,700 20,300 
Bluegill 110,800 10,600 
F^rom Di Costanzo and Eidenhour (1957). 
catch may have been from a larger walleye population in 1955 
making the percentage of removal closer to that of other 
studies. The gill net catches (Carlander et al., I960) also 
indicated that the walleye population was larger in 1955 
than in 1959. 
The gill net records indicated that the bullhead popu­
lation in 1959 was approximately 50 per cent of the 1955 
population. If this is true, a fishing mortality of 25 per 
cent of the catchable-size bullheads is estimated for 1955• 
This value is believed to be high but the sources of errors 
are not known. The average size of bullheads has decreased 
greatly since 1954 (Forney, 1955)• The 1951, 1952, and 
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1953 and 1954 year classes were reported "by Forney as abun­
dant year classes. However, since 1956 the bullhead year 
classes have not been large. 
The small numbers of largemouth bass, northern pike, 
channel cat, smallmouth bass, white bass and pumpkinseed in 
the anglers' catch in 1955 (Di Costanzo and Ridenhour, 1956) 
indicated that these species were only represented in the 
lake by relatively small populations of fish of catchable 
size. 
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SUMMARY 
1. Although considerable information is available on 
the life history of the fish in Clear Lake, little is known 
about the numbers of fish of the different species in the 
lake. 
2. The lake was divided into seven sampling regions, 
and the fish captured in each region were either tagged or 
marked with a distinctive finclip for that region. 
3. Data for this study were obtained by the use of an 
electric shocker, experimental gill nets, otter trawl, 
seines, and rotenone. An 150-volt, alternating current 
electric shocker was the best sampling gear for water less 
than 5 feet deep, while an 18-foot otter trawl was the best 
deep water sampling gear. 
4. When exposed to alternating electric current, wall­
eyes turned on their sides and floated to the surface. In 
deep water the largemouth bass came to the surface momentar­
ily and then sank, but in shallow water they showed no vio­
lent movement when stunned. Bluegills, crappies, and white 
bass floated to the surface when stunned but were not rigid, 
The yellow bass swam in tight circles until completely 
stunned and then floated on the surface of the water with 
their bodies sharply arched. The bullheads slowly floated 
to the surface, remaining there with just the ends of their 
jaws breaking the surface. 
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5. During the study, there was 110 movement of fish 
into or out of Clear Lake. Bias due to recruitment was 
eliminated "by increasing the minimum size limit to compen­
sate for the growth of the fish. 
6. Since only healthy fish were marked and the sam­
pling gear, such as the electric shocker, had no lasting 
effect on most species of fish, differential mortality of 
marked fish was not considered to be serious. 
7. Ho difference in vulnerability to sampling gear 
between marked and unmarked fish was found. 
8. The placement of the strap tag over both the pre-
maxillary and maxillary bones on walleye and largemouth 
apparently cut the loss of tags to a point where a correc­
tion in the population estimates was not needed. Regener­
ation of correctly cut fins was slow and incomplete. Since 
all fish used in the ratios were checked by the same two 
biologists, all recaptured fish were reported. 
9. All walleyes and northerns over 12 inches, large­
mouth bass over 10 inches, and white bass over 9 inches were 
tagged. All other game and pan fish over 6 inches were 
marked by clipping one or more fins. 
10. Each of the regions of the lake was sampled for an 
equal amount of time in 1959. The regions were sampled at 
random without replacement for each week period. 
11. Tests for random distribution indicated that 
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crappies, black bullheads, and walleyes dispersed over the 
entire lake after marking, while the largemouth bass and 
bluegill apparently dispersed only within the shallow areas 
of the lake. However, the largemouth did not disperse in 
1958 for some unknown reason. Bach region was sampled in 
proportion to the population of fish present. The yellow 
bass did not disperse and were not sampled in proportion to 
the population present. 
12. Population estimates were made for seven major 
species of fish in Clear Lake, Iowa in 1958 and 1959 using 
the Petersen, Schnabel, and Schumacher-Eschmeyer formulas. 
The best estimate for each species in 1959 follows: 
Best estimate of 
Minimum Best standing crop 
length 
Species in inches 
Number 
marked 
point 
estimate 
per acre 
Numbers Pounds 
Walleye 12 1,135 12,300 3.4 9.3 
Largemouth bass 10 157 850 .2 .63 
Bullhead 6 13,768 570,000 140.0 43.4 
Bluegill 6 844 10,600 2.9 .8 
Black crappie 6 528 9,400 2.6 .8 
White crappie 6 391 10,900 2.75 .6 
Yellow bass 6 4,426 207,000 57.0 7.8 
13» The population estimates were similar for both 
years (and for the different methods) for the walleye and 
largemouth bass. The sampling in 1958 was inadequate for 
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bullheads, yielding a point estimate of 355,000 bullheads, 
which did not agree with the 1959 estimate. The bluegill 
estimates indicated a definite decrease in the population 
between 1958 and 1959. The lack of recaptures made it im­
possible to estimate the size of the crappie population in 
1958. Although the distribution tests indicated that the 
yellow bass estimates were not reliable, the resulting 
standing crop is believed to be of the right magnitude. 
14. Walleye were mostly taken from rush and reef areas 
of the lake, while bluegill and largemouth bass were in the 
shallow rush areas of the lake. Yellow bass, crappies, and 
bullheads were taken from all habitats in the lake. 
15. It was not possible to make positive identifica­
tion of the year in which the 1959 recaptures of black and 
white crappies were marked. Por this reason a maximum 
Schnabel estimate was obtained by assuming that none of the 
crappies marked in 1958 survived into 1959, and all recap­
tures in 1959 were marked in the same year. A minimum 
Schnabel estimate was obtained by assuming all crappies 
marked in 1958 survived into 1959 and that all the recap­
tures in 1959 represented both years. The means of these 
two values were believed to be the best point estimates. 
16. Populations of northern pike, yellow perch, white 
bass, channel catfish, smallmouth bass, and white sucker in 
Clear Lake could not be estimated because insufficient 
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recaptures were taken, but some observations were made on 
their distribution. 
17. One f lathe ad catfish weighing 4-5 pounds was taken 
by a 500-foot seine off Garner Beach. This was the second 
specimen on record taken from Clear Lake. Two yellow bull­
heads over 10 inches in length were taken. The presence of 
young-of-the-year in the lake of the latter species indi­
cated that there was a small population established in the 
lake. 
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